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Preface 



This decade is indeed a time of unrest in science teacher education and has 
been characterized educationally as a nation at risk. Indicators of risk, 
such as the low level of scientific and technological literacy among 
Americans, have been well documented^ Science teacher education programs 
are especially vulnerable to this criticism. This yearbook responds to 
such criticism and reflects a proactive stance in improving the status of 
science teacher education* 

The authors generate a collage of thinking about the problems and issues 
which confront science teacher education and provide reasonable suggestions 
and solutions to complejt issues facing our discipline. Enhancing science 
teacher education through the inclusion of history and philosophy of 
science, through research on classroom psychosocial environrrent, or through 
dialogue with teachers about relevant research may fortn the fabric upon 
which ejtemplary programs are designed* 

Models of innovative programs for elementary and secondary teachers of 
science and for the continuing education of science teachers may provide 
the impetus for others to modify, adapt, and develop new programs for the 
1990's and beyond* 

This yearbook culminates in chapters that will encourage philosophical 
dialogue within and concerning our discipline. The editor and authors 
sincerely hope that you find these readings informative, stimulating and 
provocative* 



James P* Barufaldi 
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The adoption of the view of teachers as tjeclsion makers has 
significant implications for teacher education programs. Such a 
characterization of teachers recognizes the diverse educational environment 
in which teachers must function and the established position (Connelly & 
Sen Peretz, 1981) that teachers, by necessity, adapt and modify curriculum 
and instruction models to cope with complex learning environments. 
Alterations to instructional tasks or activities are made by teachers to 
meet their needs or to meet the needs of the students as perceived by the 
teacher, Whether or not teachers should engage in decision making about 
curriculum design and curriculum implementation is not a debatable issue. 
Teachers do make decisions in the day to ctay effort to educate children and 
will continue to make decisions in spite of attempts by administrators of 
schools and state legislative bodies to "teacher proof curriculums" through 
the enforcement of strict curriculum guidelines and teaching models. Thus, 
the problem for teacher education programs focuses on the need to design 
preservice and inservice teacher education curriculum which includes 
decision making as a major goal of teacher education programs, 

A variety of opinions and positions about the training of teachers has 
been articulated by various taskforces, commissions, and boards (Boyer. 
1983; National Commission on Excellence in Education, 1983; National 
Science Foundation, 1980; National Academies of Sciences and Engineering. 
1982), One report in particular^ "Report of a Panel on the Preparation of 
Beginning Teachers" (Boyer, 1984) commissioned by the State of New Jersey 
and chaired by Ernest Boyer, has adopteci the position of teachers as 
decision makers and suggests three areas of knowledge and skijl that are 
essential for beginning teachers. Slot areas are: 1) knowledge of 
curriculum, which addresses knowledge of what to teach and how it is 
assessed; Z) knowledge of students, which addresses knowledge of 
characteristics of students as individuals and of how individuals learn; 
and 3) knowledge of setting, which deals with knowledge of the dynamics 
that make up the workplace and tasks of teaching, Eaih of these three 
domains of knowledge represents factors which impact on the pedagogical 
decisions teachers make. 

Knowledge of curriculum encompasses both what to teach and how to 
evaluate what is taught. More specifically, it is the selection and the 
sequencing of instructional tasks for the Purpose of meeting curriculum 
objectives, llhile admitting that curriculum objectives are typically 
decided without the involvement of teachers on a case by case basis, it is 
nonetheless the individual classroom teacher who determines what 
specifically is to be emphasized and learned, how it is to be taught and 
presented to the class, and for what students will ultimately be held 
responsible. Therefore, knowledge of curriculum is principally concerned 
with teachers' decisions about what to teach. 

On the other hand, knowledge of students and knowledge of setting 
primarily address decisions teachers will face concerning how to teach. 
Decisions about grouping, using motivational strategies, when to use 
teacher aid resources^ among others, are representative of topics which 
emerge from a teacher's understanding of students and of the instructional 
setting. 
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The focus of the chapter will be on only the first of the three 
essential knowledqe areas identified by the Hew Jersey Panel, namely 
curriculum- Kore specifically^ the chapter will concern itself with 
knowledge of curriculum on the part of science teachers. Inasmuch as 
science is a knowledge seeking and knowledge acqufrinn enterprise in which 
existing knowledge (the products of science) affects the procedures used to 
obtain new knowledge (the processes of science), the arqunent will be made 
that knowledge of curriculum or knowledge of the subject matter is clearly 
the most important area of preparation for future science teachers. 

Traditionally, a science teacher's preparation in knovjTedge of subject 
matter has been the responsibility of various academic departments of 
science. The science courses which comprise the content preparation an 
individual is required to cofnplete do not typically address the structure 
or nature of the knowledge being taught- That is, there is little 
attention given by introductory courses to the critical analysis of the 
justification of knowledge claims or the discovery of knowledge claims 
which comprise the disciplines. Given requests to adapt science education 
(Bybee, Carlson, and McCormack, 1984} so it begins to focus on science, 
technology, and society, such deficiencies in science teachers* content 
preparations are significant- Furthertnore, research reports from scholars 
in the history and philosophy of science are making lucid the need for 
science teacher education programs to begin considering the inclusion of 
topics which analyze and evaluate the scientific enterprise and the 
reasoning employed by science (Martin, 1972; Brush, 1974; Ennis, 1976; 
Norris, 1984; Duschl , 1985}. 

Hence, the position will be taken that the preparation of science 
teachers' knowledge of curriculun will be improved through the inclusion of 
topics in the history and philosophy of science into science teacher 
preservice and inservice education programs* The sections to follow will 
address, in turnj (1) an overview of research on teacher decision making, 
(2) a discussion of the goals of science education, and, (3} the 
development of the position that inclusion of the history and philosophy of 
science in science teacher education programs will better prepare 
individuals who are capable of making decisions about science curricula 
which preserve the essential characteristics of the nature of science and 
scientific i nquiry- 

T£ACHER DfCISION MAKING 

The process of teaching involves the transmission of knowledge from 
teachers to learner. In such a processj research on teaching (Peterson 
Walberg, 1979) indicates a series of actions must be taken and decisions 
about such actions must be made concerning how the knowledge to be learned 
is taught* 



ftesearcyi on teachers' dccisior> makinq may be classified into two broad 
groups; preactive and Interactive decision making (Shavelson S Stern^ 
19S1), Preactive teacher decisions are concerned with strategies teachers 
employ and the factors that influence decisions which take place outside of 
an actual instructional setting. Examples of activities teachers engage in 
during the preactive stage of decision making are instructional task 
selection and setruencing, determination of resources and materials to be 
used during instruction^ and allocation of time to student activities. 
Interactive decision making, on the other hand, addresses decisions 
teachers make while actively interacting with students. Examples of 
interactive decision making include compensation, strategic leniency, power 
sharing, progressive checking, and suppressing eniotions (flarland, 1977}, 
This chapter will focus only on preactive decision making and its 
relationship to teacher planning of instructional tasks. 

Research on teacher planning (Vinger, 1977; Clark and Vinger, 1979) 
has found that teacher planning begins with content, IJhat guides teachers' 
decision making about the application of the content to the lesson, though, 
has less to do with the structure of the subject matter and more to do with 
how the content builds Instructional tasks (Shavelson & Stern, 19$1), 
Studies at the elenentary school level which examined teacher planning 
found that teachers consider the instructional task over everything else 
(Vinger^ 1977), Activities were found to be the basic structural unit of 
planning and action in the classroom, Vinger Identified seven features of 
activities as important considerations in planning decisions. They are 
location^ structure and sequence^ duration, participants student behavior^ 
instructional moves or routineSj and content and materials. 

The implication of this research on teacher planning Is that teachers 
control the selection^ development (which is meant to include modifying and 
adapting^ and implementation of instructional tasks. Research on 
teachers' decisions which affect instructional moves^ planning^ selection 
of instructional materials^ and recognition of effective teaching 
characteristics has found that teacher beliefs^ perceptions^ and judgments 
influence the decisions which are maae (Shavelson, Cadwell, ft Izu^ \977; 
Vinger^ 1977; Tversky £ Kahnenan, 1974; and Clarke Wildfon?, and Vinger, 
1978), The basic premise of the research is that teachers use a varletv of 
heuristics or strategies to overcome Innate llnitations In the processing 
of information. Whether It is through the use of one heuristic, a set of 
attributions, or ether strategies^ teachers focus on only certain pieces of 
InforFration to base their decisions. Although thti planning process may 
begin with considerations for content^ research on teacher judgments 
suggests that content considerations are not the principal factors u^ed by 
teachers in the selection of activities, \ 

Clark et al, (1978} found that the selection of activities was 
dependent, in order of importance to teachers, on: 

1, whether student notivation and Involvement would be ^ 
stimu latedi 

2, whether the difficulty of the activity would be low:, and 
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3. whether the purp'^'^e of the activity and process of teaching 
were considered to be good ways to teach. 



The absence of considerations for the structure of the subject natter or 
for the portrayal of the subject natter is not surprising when the context 
of the research being cfted is considered. Research on teacher decision 
making has almost eicclusively focused on elementary level teachers. Thus, 
the considerations teacher are making are for a multitude of teacher tasks 
and, more importantly, for a plethora of instructional topics, 

Tbe generalizabil ity of research findings on teacher decision making 
from elementary trained teachers to teachers trained to teach specific 
Content courses often lacks tenability. The dynamics of teaching at the 
elementary level are quite distinct from the dynamics of teaching at the 
secondary level. If one had to select a single distinction which 
differentiated elementary from secondary level teaching, content or subject 
matter preparation would have to be a strong can^l1date for such a 
distinction. Given the intense focus secondary level teachers have on a 
single disciDllne, and the even greater intensity science teachers have on 
a particular domain of teaching (see flote}, the possibility that secondary 
teachers of science are not using the structures of the subject matter to 
base decisions on the selection and sequencing of instructional tasks ts, 
i n a word, di sturbing, 

A research study which exT>lored the degree to which scie^^ce teachers 
consider the nature of the subject matter in the selection and sequencing 
of Instructional tasks found that science teachers' decisions about 
instructional tasks are driven by concerns for: (1) enhancing student 
development, {Z} meeting curriculun guide objectives, and (3) coping with 
pressures of accountability (Duschl, 19S3), Such concerns certainly have 
merit. But limitations were found with the depth of the cognitive and 
affective levels of student development and to curriculum objectives as 
judged from the actual instructional tasks taking place in the classroom. 
Little^ if any, consideration was given to the nature of the subject matter 
from v/hich the instnictional tasks ultimately derive their significance. 

Recent explications of the desired goals of science education (Harms ft 
Yager, 19S2) have included the need to maintain the philosophy of teaching 
science as inquiry (Welch et al , , 1984). In order to teach science as 
inquiry in secondary level science program, teachers who attempt to teach 
science as inquiry must have both knowledge of content and knowledge of 
how that content was generated in scientific investigation (Connelley^ 
Rinehold, Clipsham, Wahlstrom, 1977; p, 42.) The concern ia that science 
teachers are making decisions about what to teach without adequate 
knowledge of how the subject matter has been developed, A closer 
examination of the goals of science education is warranted to show why it 
is essential that teachers of science have knowledge about both the 
products of science (i,e,» facts» theories, beliefs, concepts^ etc.) and 
the developmental processes used to generate the products* 





GOALS OF SCIENCE EDUCATION 



It is quite feasible to ask that the goafs of science education 
provide for students the same outcome that the goals of science provide for 
scient fsts--unr1erstand7ng of natural phenomena for the purpose of being 
able to make informed decisions about complex technological and scientiffc 
issuos. The distinction betweer? the goals of science education and science 
is not one of kinds, rather it is one of degrees. Certainly, all students 
who enroll in science courses will not become practicing scientists. But 
increasingly in our science and technology dependent society* Individuals 
are finding that the jobs they hold and the issues which confront then are 
rooted to basic concepts or processes of science. The dilemma which faces 
our society is the gap which is developing between scientists' 
conceptualizaton of science's concepts or processes, and the average 
citizen's conceptualization of the sanje concepts and processes, Hence^ the 
dilemma which faces our colleges of education is how to design instruction 
and to prepare teachers to deliver instruction which can bridge this chasm. 

The design of instruction and the preparation of teachers should be 
consistent with the goals set for science education. With respect to 
science education in precollege settings^ it is generally agreed that 
instruction should not focus on merely the preparation of future 
scientists: 

Science teachers tend to be tied to biology^ chemstry^ physics 
or Earth science and see their primary goal as one of passing on 
the substance of such disciplines to as many students as possible 
(Yager, 1984; p, 52). 

■ ' The content of high school courses in physics, chemistry, and 
biology, essentially the products of the curricular reforms of 
the early sixties, offer science as seen by the pure scientists. 

These courses neglect the need and interests of the vast 
majority of students --the 90,4 percent who will not enter 
college and major in a science, math, or engineering field; 
(Aldridge ^ Johnson, 1984; p, 39), 

Nor should precollege science instruction be a duplication of what students 
will have in college courses (Aldridge & Johnson, 1904}, 

If not science for scientists, then what should be the focus of 
precollege science education? Wagner (1983) presents a position that the 
principal objective of science education should be to develop students 
capable of critical analysis- He identifies as prerequisites for 
conducting critical analysis in science, grounding in the language of 
science and in the research paradigms used in science- Connelly et al - 
(1977) adopt a similar stance when they argue that the goal of science 
education should be to develop in students the ability to evaluate the 
status of knowledge claims used in science. They establish fotir goals for 
students in science courses: 

1- to develop an understanding of the most important content; 

2- to develop an understanding of the parts of a pattern of enquiry! 



7 



ERIC 



5-1 



3, to develop the reading skills and habits of mind so as to be 
able to identify and understand knowledge claims; 

4, to develop the evaluative skills and habits of mind so as to be 
able to assess the status of knowledge claims (Connelly et al,. 
1977. p, 18), 

The first goal can be interpreted as similar to Wagner's appeal for 
language of science. Both reflect the need to have a content background. 
The next three goals represent enquiry skills and articulate more clearly 
Wagner's requirements of research paradigms. More speci fi ral ly ^ goals 2^ 3 
and 4 above represent^ respectively, enquiry as it relates to the 
identification, interpretation^ and evaluation of scientific knowledge. 

Accepting such goals for the design of secondary level science 
instruction presupposes a great deal about schools^ teachers^ and students* 
It presupposes that schools will have the resources to teach science as 
inquiry^ a costly decision since the textbook alone n'rannot be the sole 
source of information^ and have an administration which realizes that the 
delivery of inqu.ry lessons necessitates specialized instructional settings 
(e,g,, acceptable class sizes) and instructional tasks (e,g,, hands-on 
activities). The demands on students are that they will have the necessary 
basic skills and decorum for the teacher to teach science as enquiry. Such 
demands on students recognizes the integration across grade levels and 
across subject areas that are needed to develop critical thinkers. 

But the teacher is the key to the successful Implenentation of any 
program in education. Given unlimited resources and administrative support 
and given students who can read at grade level, write^ campute, and conduct 
themselves properly in the classroom, it is nonetheless the teacher who 
win be the principal factor in determining how successful students are in 
learning (OeRose^ Lockard, Si Paldy, 1979) and in determining the 
psychosocial environment in which learning occurs (Anderson» 1970; Walbergj 
1979), 

The dilemma which confronts any teacher who strives for the goals of 
science Instruction Outlined above, is how to reduce volumes of scientific 
knowledge for effective instruction in a restricted amount of time while 
preservin9 effective instructional strategies and learning environments. 
The solution to this problem will reside squarely on the ability of 
teachers to make decisions about the selection, design, and implementation 
of instructional tasks which enhance, rather than detract from, children's 
ability to critically analyze the status of scientific knowledge claims. 
In aldition to naintaining the effectiveness of the learning environment 
and the instructional strategies employed in the cidss, it is essential 
that the characteristics of the nature of scientific inquiry also be 
maintained, ThuS^ knowledge of how scientific knowledge has been acquired 
is as important as knowledge of the scientific content in the preparation 
of science teachers. 

Therefore^ the problem which confronts science teacher education 
programs is how to design a curriculum which educates science teachers to 
be effective decision makers in the plann1n9 and implementation of 
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instructional tasks. More specifically, the prohlen is how to prepare 
teachers wno are Capable of deterfrlning the nost inportant content for a 
topic of investigation while rtdintaininq the inteqrity of the scientific 
enterprise and while teaching students about the identification, 
interpretation, and evali^'^'Lion of the knovjledge dairies nade hy the 
scientific enterprise. 

The bases of the goals of science education set forth above are 
consistent with the central purjiose of education in the United States - the 
development of the ability to think (Educational Policies Commission, 
1961), The £PC stated the ability to think is determined by the 
development of a set of rational powers; the processes of recalling, 
imagining, classifying, generalizing, conparing, inferring, deducing, 
analyzing, evaluatin.;, and synthesizing. Several research reports have 
indicated that educators are not evenly distributing time in the classroom 
{Tisher, 1971) or iten^s on tests (;brgenstern & Renner, 1984) to the 
available array of rational powers. On the contrary, emphasis is being 
placed almost entirely on the recall of information: 

A niniscule opportunity is available on a few tests for students 
to denonstrate trey can use the rational powers of classifying, 
generalizing, inferring, deducings evf?luating, and synthesizing. 
No opportunity £tvail:ible for students on any tests to 
demonstrate they have facility with imagining, conparing, and 
analyzing {riorgf:nstern ^ Rennerj 1984; p 647,} 

It is difficult to argue the position that science education should 
facilitate the grot/th of r^itional powers in students. That science 
education classes at the pre-colleqe level are dcninated by recall memory 
tasks begs the question why such a situation continues to persist given the 
fact that the need to focus on rational powers was articulated over twenty 
years ago, 

An answer to such a question must certainly appeal to a variety of 
factorSj social, economical, and epistenological , among others. That issue 
is the same basic concern raised by Herbert Spencer in the 19th century, 
what knowledge is nost worth knowing? Fortunately, for science educators 
at least, the natural sciences have a historical development and a set of 
epistemological structures which can assist curriculun designers and 
curriculum inplementers in making decisions about what should be taught. 
The "enemy" in the classroom is time. There is only so much time teachers 
can allocate to the study of a specific scientific field or domain. The 
first goal by Connelly et al , (1977)--deciding on what is the most 
important content--is a crucial step for the creation of more time^ time ^ 
which can be used to address the above memory levels of cognition. 
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PHILOSOPHICAL AND ..^STORICAL ANALYSIS OF SCIENTIFIC INQUIRV 



The academic training of science teachers is dfvided unevenly between 
core courses, science courses, and education and science education courses. 
What is Hissing in the majority of science teacher preparation programs are 
courses or topfcs in courses which take as an object of analysis the 
content of the subject matter which wi T be used by the future* i,cfence 
teacher. The emphasis is presently on content and Process s<ill 
acQuisition, pedagogical style, cl assroon managenent , and instructional 
planning, Each of the areas is important fn the development of a teacher. 
But without a facilitation with the structure and nature of science, the 
aforementioned areas of training represent a set of insufficient conditions 
for the preparation of science teachers. 

In addition to the goal of using science education classes to increase 
the rational thinking powers of students, science education organizations 
(i,e,» Natfonal Science Teachers Association) have begun to articulate the 
viewpoint that the preferred context in which science should be taught is 
with the science-technology-society thene (Uybee* Carlson, and McCormack ; 
1984), Such a stance by science education researchers and educators only 
serves to reinforce the claim made in the previous paragraph that teachers 
of science need to have academic preparation in the issues and skilis 
necessary to analyze the relationships the structure and nature of 
scientific inquiry have internally in the devel opfnent of theories and 
externally with science* technology, and society. 

The recognition of the need for science teachers to have preparation 
in the philosophical, historical, and sociological aspects of science is a 
Position which has been advanced for decades (Rutherford, 1964; Gallagher, 
1984; and Duschl, 1985), Similarly, a number of writers have presented 
arguments about the distinctions which would exist between teachers who 
hold accurate views of the nature of science and teachers who maintain 
false views of the nature of science (Robinson, 1969; Martin, 1972; Norris, 
1984), The focus of the remainder of the chapter will be to address 
specific applications about how topics in the history and philosophy of 
science can be used by science teachers in their preactive decision making 
to ineet the goals of science education outlined above. More specifically, 
such applications wil assist teachers in the design and sequencing of 
instructional activities which address the objectives of developing 
students' "ational thinking powers and of introducing students to the 
symbiotic-cype relationship which exists among science, technology, and 
society. 

The sections to follow will discuss, in turn, how argufiient patterns, 
structure of scientific theories, and the developmental nature of 
scientific knowledge can each be used by science teachers to assist them in 
the planning and implementation of science units and science lessons. 
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Argumertt Patterns In Science Education 



The use of philosophical analysis to examine educational practice has 
£>een described by Roberts and fiussell (1975) as an alternative approach to 
science education research* Hore specifically, Russell (1983) did researcli 
on how Toulmin's (1958) argument oatterns could be used by teachers during 
inquiry discussions to Increasi? thei'^ own propensities to use and to demand 
from students warrants or reasons concerning how a given conclusion relates 
to a specific set of data* Russell concluded that teachers who use 
warrants in their argument patterns rather than their position as 'the 
teacher' present themselves as rational authority figures to students^ 
Teachers who rely on their position as a teacher present themselves as 
irrational authority figures* Another argument pattern which has been 
ij^entifled as potentially useful in science education (Martin, 1972) is the 
Deductive-Nomological flodel of Explanation developed by Hempel and 
Oppenheim (1948) and further refined by Hempel (1965)* The model is based 
on the premise that scientific explanations can be logically deduced from 
causal laws of science if a set of antecedent conditions is met. 

The merits of such patterns for science classes require teachersj in 
their planning and lecturing, and students, in their writing and 
discussing, to identify the premises, to justify the premises, and to speak 
to the relationships which exist atnong the premises. An outcome is that 
students will engage in higher cognitive tasks* Furthermore, such 
cognitive tasks will be quite similar to the goals of science identified by 
Connelly and Finegold et. al* (1977), discussed earlier* The use of 
argument patterns also accomplishes the clarification of "tacit assumptions 
that must be made in an explanatory activity if its discourse is to be 
logically and epi stemological ly adequate" (Martinj 1972; p> 58)* 

Using argument patterns to plan instruction will also assist teachers 
in determining what knowledge is most important for students to learn* By 
treating educational topics as arguments in which a set of premises leads 
to a statement of conclusionj teachers can make decisions about what 
knowledge claims are necessary to bring about the conclusion sought. 
Teachers can also use argument patterns to design quebtioning patterns in 
enquiry discussions and post-lab discussions (Connelly and Finegold et al , 
1977)> Being able to categorize scientific knowledge as either necessary 
or sufficient conditions in the development of an arguments which has as 
its conclusion a learning outcome on the part of studentSj will serve to 
eliminate itenis from the curriculum that take up tine but contribute little 
to learni ng> 

Now let us consider a science unit on genetics* If the unit objecitve 
is to teach students about the role genes have in biological diversity and 
species evolution, then what knowledge claims are necessary for bringing 
about the desired result? Knowing about cell division (mitosis) and about 
sex eel 1 -product ion (meiosis) are certainly necessary for explaining 
genetic variation. But one has to stop and wonder about whether 
identifying pictures of the stages of metosis or being able to solve a 
variety of Punnett Square problems is necessary for a student's conceptual 
understanding that genes get mixed through sexual reproduction and 
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altered through mutation processes. Yet being able to solve Pimnett Square 
problens will occupy full weeks of instruction in many high school biology 
classes. It Is claitHed that there is a need for teachers, and ciirriculuTVi 
writers too* to evaluate the merit of t!ie scientific topics so that the 
appropriate emphasis is given to the topic. Using argument patterns and 
conditional staternents can assist in such an analysis of scientific 
content. 

Similar positions about the logic of the language used by teachers and 
the applications it has for educational thought have been posited by 
Scheffler (1960) and by Smith and riejx (1970), That it has yet to be 
widely implemented remains an enigma of educational Practice since the Qo^l 
of education is to develop thinking skills. That the use of argument 
patterns is not a central part of science instruction is also an enigma due 
to the lofjical nature in which nany, hut not all* knowledge clairyis of 
science are constructed. 

For purposes of clarity, the author of this chapter is not advocating 
the position that students be taught formal logic although such opinions 
and programs for children do exist (Instruction for the Advancement of 
Philosophy of Children, riontclair State College, NO; Matthew Lipman, 
Director), Rather the position being taken is that the use of argument 
patterns in teachers' decision making can be a constructive mechanism for 
teachers to plan lectures and discussions. If the teacher does not 
understand the logical connections or the fallacious connections present in 
scientific discourse> then what hope is there that the learners will 
acquire similar skills. Furthermore, if teachers cannot judge the merit of 
the knowledge claims being used by textbooks and curriculum guides (which 
are often out of date with contemporary scientific knowledge), then again 
what hope is there that the students will be able to distinguish 
revolutionary scientific ideas from "crank" scientific ideas? 

The Structure of Scientific Theories 

The recent debates over the teaching of evolution and scientific 
creationisni have made very clear the misconceptions the general public has 
about the role theories have in scientific inquiry. The confusion that 
exists among the general public and among educators seems to exist in their 
inability to distinguish the strong theories which are pillars of science 
from the fringe theories which are fledgling ideas in science. 

Hew methods for researching and writing history of science (Thackray* 
1980) have provided evidence that the rigid forms of scientific theories 
characterized by the 'laws of nature' in physics and advocated as the 
structure of all theories by early 20th century philosophers just do not 
exist, Rather> what has been revealed is that theories, like everything 
else in science> progress through stages of development. Similarly^ new 
philosophical views about the nature of scientific inquiry have recognized 
Vfhere previous views have not> the central role theories have in the 
development and the advancetnent of scientific understanding (Suppe, 1977), 
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To equate scientific theoiies with sciDntific f2Ct% is shepr follv ( Sc t ence 
News, 1984), 

Within the scientific disciplines, th^re exist levels of theories and 
nodes of explanation. For discussion purposes t.ieories will he treated as 
being either central, frontier, or fringe to the donaln of scientific 
enquiry (Diitch, Four qeneral nodes of exnlanstTOns used in varying 

degrees by different disciplines of science (Nagel, 1961) will also be 
discussed. Included are: (1) causal explanations - characteristics of the 
deterministic theories of physics and chenistry; (2) historical 
explanations c^iaracteristic of concepts developed in geology aod 
anthropology; (3) teleologicdl explanations - characteristic of the 
function-related explanations used in the biological sciences; and, (A) 
statistical ^ Probabilistic explanations - characteristic of theories, 
hypotheses, and concepts based on nunhers and vrhich are increasingly 
becoming a part of all branches of science. 

Only through comparative and critical analyses will science teachers 
cone to realize that all knowledge claims In science arf* not equal, But 
the Inequality does not render such claitns unscientific. 

The new discoveries In the history of science Indicate three things 
about the nature of scienco {Shapere, 1934): (1) standards for considering 
scientific theories and explanations as legitimate can change from one 
period of time to another; (2) differing sets of criteria used to establish 
the standards at the different periods could not te ruled r>ore or less 
rational or correct than any of the other periods; and (3) criteria are 
intioately linked to the content of the scientific beliefs at that period. 

These three discoveries were nade during the sane tine that the 
National Science Foundation was involved in the development of curriculum 
projects* The failure to integrate these three discoveries into science 
teacher education prograns has allowed science instruction at the 
precollege levels to maintain its presuppositionist and empiricist 
perspectives of science (Finley, 1933; Morris, 1984; Duschl, 1985 in 
press), 

Nagel (1961) distinguishes common sense knowledge fron scientific 
knowledge by claining scientific knowledge seeks to knov/ vthy and how such a 
Phenomenon occurs whole comnon sense knowledge only seeks to knovj what 
occurs. The quest for the how and why explanations can be thought of as 
the goal of scientific inquiry. Such explanations exist as the scientific 
theories that a corinunlty of <icientists enbrace, fn the development 
sequence of the growtii of scientific knowledge, it is theories which 
provide meaning to facts and not facts which provide meanings to theories. 

Consider the evolution of explanations for earthquakes. Over the oast 
IDO years the cause of earthquakes has been attributed to the gravitational 
pull of the noon, changes in barometric pressure, isostatic rebounding of 
mountains^ movement of continents on crustal plates and gas ascending fron 
the mantle along preexisting fault lines (Duschl, in Press), The existence 
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of earthquakes is & fact. But the reason certain regions of the earth are 
nore prone to earthquakes than others is the domain of theoretical science. 
But* hov; do new theoretical ideas hecone accepted? 

A useful schema for the ranking of theories is the one devised by 
Trcjfil (197S) in which scientific ideas are divided into center, frontier* 
and frinqe domains, Dutch (1982) describes center ideas as those theories 
which are established firnly anong scientific communities; included are 
relativity, ^i^jantum theory, the lavjs of therriodynaT:ii cs , Kepler's laws of 
planetary notion, and Newton's laws of motion* Frontier ideas are theories 
which are sound but have conpetition in the form of equally sound 
alternative ideas. Frontier ideas are also theories in which significant 
problens remain, Hutch states that plate tectonics and evolution belong on 
the center-frontier boundary, Ue considers sociobiology, esttraterrestrial 
intelligence, and sub-quark physics as frontier ideas, Frinfje ideas, on 
the other hand, are theories which are highly speculative or weakly 
confirmed, Sone havo scientific basis, i,o,, the extinction of dinosaurs 
by meteor showers, while others are spurious because they are not supported 
by scientific data* Hutch identifies psychic phenomena, the Loch riess 
flonsteri Velikovsky's world collision, and scientific creatiOnism as 
examples of non-scientific frinqe ideas. 

The ability to distinguish crank ideas from revolutionary ideas is 
certainly a characteristic of a scientifically literate person. It is 
apropos, then, to arque that fringe science, contei'>norary and historical, 
be an object of investigation by students of science (Radner and Radner, 
1982)* Trefil's simple design is in some regards quite similar to Lakatos' 
[1970) description of the growth of scientific knowledge in which 
scientific tueor^es are either members of the negative heuristic - the 
"hard core" of a research program - or members of the positive heuristic - 
the construction of the "protective belt" of a research program* 

In each schema, new scientific ideas must progress toward the center 
of established scientific knowledge. New theories are required in science 
because old theories are found to be wanting. That is, the ability to 
explore for new data and new facts due to advances In technology often 
gives rise to information which cannot be accounted for by existing 
theories. Such discoveries, when numerous enough, eventually force 
scientists to develop a new theory to explain the new information as well 
as the old information. 

Each of the major scientific disciplines, life sciences, earth 
sciences, and physical sciences has experienced dynatnic cbange since the 
1800's with respect to the theories each embraces* Relativity and quantum 
theory in physics and chemistry, plate tectonics in geology, and evolution 
ant molecular biology in the life sciences represent examples of major 
developnents in scientific theories. If prospective science teachers were 
to investiyaLe the develop;;3cnt cf the- th^cri^s vrhich cc:rprfso the core of 
Understanding of the disciplines they will teach, then they would be in a 
better position to accurately present the nature of scientific knowledge 
and of scientific inquiry. 
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The intent of having 5;cience teachers exanine fron a historical as 
well as from a philosophical perspective the development of scientific 
knowledge through exani nati ons of the ^evelopnent of scientific theories is 
two fold. First, the developnent of scientific theories is the goal of 
scientific investigation which seeks explanations of phenonena (Giere* 
1984; Martin, 1972; Suppe, 1977), Teachers of science should be farniliar 
with the developfnental nature of the discipline they will teach. Second, 
it IS anticipated that such familiarity will impact on science teachers' 
preactive decision-rrjaking concerning the selection and sequencing of 
instructional tasks. Figures 1 and 2 are examples of one science teacher's 
analysis of the historical and conceptual frameworks of the Theory of Plate 
Tectonics, These frameworks WL-re developed using guidelines for curriculum 
developnent outlined by Posner and Rudnitshy (197fi), 

Beyond the definition of terms and the memorization of facts such 
concept maps and frameworks assist teachers in understanding the relational 
inportance of the curriculum topics and concepts that make up the science 
units they will plan and then teach. As stated earlier, all theories in 
science are not equal, nor are concepts and principles which comprise 
theories. Studying the development of scientific theories can assist 
teachers in evaluating the status of the knowledge claims which make up tSie 
subjects they will teach. 

Knowledge of the developtnent of a scientific theory, of the new 
technologies which have borne new facts, of how old facts were discarded or 
assimilated by newer theories, of the critical experiments and the 
scientists which contributed to the growth of knowledge, and of the social 
conditions in which new ideas were developed can each assist science 
educators in mking decisions about what should be a part of their lessons 
and how such topics should be sequenced. Such knowledge on the part of 
teachers addresses the second requirenent Connelly and Finegold et, al, 
(1977) cite as necessary for teaching science as enquiry, knowledge of how 
content has been generated in scientific investigations. The inportance of 
such knowledge on the part of teachers of science is captured in a passage 
from Shapere (1984): 

The question of why science today believes the peculiar 
things it does about the university, and why it is 
willing to consider the alternative it does, requires 
attention to the question of how science has cone to 
think in those ways (p, 190), 

Investigating how science has cotne to think in the ways it does is the 
domain of history and philosophy of science. The discipline of the history 
of science is still a first generation discipline in American academic 
circles (Thackray, 1980), But its impact has already had significant 
effects on philosophy of science and the training of philosophers of 
science. History of science offers national studies, discipline studies, 
science and religion studies, science, medicine, and technology studies, 
philosophy, psychology, and sociology of science studies, and great man 
studies (Thackray, 1980), 
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Figure 2* The concept;ual map* 



The first crisis in science education, 1955i established the context 
of justification in secondary level science education programs and in 
science teacher training programs. The context of justification is 
described as the testing of scientific ideas to establish their merits 
i*e*, acceptance through verification. It Is the approach used in the 
training of scientists. The time has come* however, with the growth *of the 
discipline of history of science, for science teacher educators and science 
education researchers to investigate how inclusion of topics which eicpTore 
the developmental aspects of science, the conteict of discovery, can aid in 
the preparation of teachers and science curriculum. Benefits to science 
curriculum have been eicplored with nrtfjced results (Russell, 1981; Welch and 
Walberg, 1972). The history of science approach was used with the National 
Science Foundation funded program. Harvard Project Physcis (Rutherford, 
Holton, and Watson, 1970), But* as was pointed out in the introduction of 
this chapter, teachers adapt and modify instructional tasks in their 
planning and implementation. What has yet to be clearly investigated and 
articulated are the benefits that may be incurred by having teachers make 
decisions about what to teach by appealing to issues which relate to the 
developmental nature of the discipline they ace teaching. 

It is hypothesized that considerations for the history and the 
philosophy of science will assist teachers in developing critical thinking 
skills among students. It will also help in developing lessons that 
integrate science with technology and society. Teachers' appeals to the 
context of discovery in science, the development of scientific theories, 
will enable them to make decisions about the selection, sequencing, and 
implementation of instructional tasks that are consistent with the nature 
of scientific inquiry. In content specific classes teachers' decision 
making should not be devoid of considerations for the nature of the subject 
matter they are teaching. The use of argument patterns and conceptual 
frameworks or theory development are examples of how research in the 
history and philosophy of science can be used to improve the Preparation of 
science teachers. 

Note - Certification requirements for secondary level teachers of 
science are typically subject matter specific, A person trained in biology 
receives a biology certificate and, unless emergency conditions prevail* 
will not be placed in teacher assignments other than bioloav. However, 
secondary mathematics* English* ur social studies teachers do not share 
similar divisions of labor. For eicample a :!iathenatics teacher may be 
assigned to any or all of the mathematics courses taught without violating 
certification guidelines. 
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It is understandable that science teachers today often teach as they 
were taught themselves as students. After all, given that students spend 
15,000 hours in classrooms by the end of their secondary schooling (Rutter* 
Maughan, Mortimore, Ouston Smith, 1979), the teacher's time as a school 
student far exceeds his or her period of teacher training, Uhat is needed 
to break this nexus is new input and new ideas wUhin scfence teacher 
education programs, especially those which will help teachers become nore 
reflective and retrospective about the way they are teaching. 

Science education research provides one possible source of ideas vjhose 
inclusion has the potential of improving science teacher education 
curricula. Already the NSTA-sponsored What Research Says to the Teacher 
series in the USA and the Science Teacher Education Project (STEP) in the 
UK provide some good examples of the relevance and value of particular 
research concepts and findings for the improvement of science teaching. It 
is desirable that preservice teachers begin to become acquainted with these 
ideas through their incorporation into science teacher education programs.. 

The field of classroom psychosocial environment provides a good 
illustration of a thriving field of study among science education 
researchers (see Fraser, 1981b, 1986a; Chavez, 1984; Fraser S Walberg, 
1931) which furnishes a number of ideas and techniques which are 
potentially va?ua67e for improving teaching practice and for inclusion in 
science teacher education Programs, After a brief introduction to the 
field of classroom environment, this paper aims to demonstrate the 
usefulness in science teacher education programs of material from the field 
of classroom environtnent which (1) i^ensitizes preservice teachers to subtle 
but important aspects of classroom life, (2) illustrates the usefulness of 
classrooni environment measures in curriculum evaluation, and (3) 
illustrates how asj.essments of classroom environment can be used to 
facilitate practical improvements in classrooms.. 



Field of Classroom Environment 

Although it is clearly important for educators to consider student 
academic achievement and other valued educational outcomes i they cannot 
give science teacher education students a complete picture of the 
educational process. Classroom environment work provides one approach to 
investigating what happens to students during their schooling which 
involves students* perceptions of psychosocial aspects of their classroom 
learning environments. 

In contrast to methods which rely on outside obse*vers» the approach 
described in this paper defines classroom environment in terms of the 
shared perceptions of the studer^ts and sometimes the teachers in that 
environment. This has the dual advantage of characterizing the class 
through the eyes of the actual participants and capturing data which the 
observer could miss or consider unimportant. For example^ students often 
ignore frequently occurring classroom stimuli and act in the light of how 
they expect the teacher to behave. Students are at a good vantage point to 
make judgments about classrooms because they have encountered many 
different learning environments and have enough time in a class to form 
accurate impressions. Also, even if teachers are inconsistent in their 
day-to-day behavior, they usually project a consistent inage of the 
long-standing attributes of classroom environment. 
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Fraser and Walberg (1981) outline soryie iidvantaqes which student 
perceptual measures have over observational techniques. First, 
paper-and-penci 1 perceptual measures are more economical than classroom 
observation techniqt/es which involve the expense of trained outside 
observers. Second, perceptual measures are based on students* experiences 
over many lessons, while observational data usually are restricted to a 
very small number of lessons. Third, perceptual measures involve the 
pooled judgments 0/ all students in a class, whereas observation techniques 
typically involve only a single observer. Fourth^ students* perceptions^ 
because they are the determinants of student behaviour more so than the 
real situation, can be more inportant than observed behaviours. Fifths 
perceptual measures of classroom environment typically have been found to 
account for considerably more variance in student learning outcomes than 
have directly observed variables. 

Another approach to studying classroom environments involves 
application of the techniques of naturalistic inquiry and case study which 
are well illustrated by the vivid descriptions of classroom settings found 
in popular books such as To Si r with Love , Up the Down Staircase , Death at 
an Earl^ Age , and Thirty-Si x Chi Idren , Some good examples of classroom 
environment studies following these more qualitative approaches include 
Jackson (1968), Cusick (1973), Rutter et al, (1979), Case Studies in 
Science Education (Stake ^ Easley, 1978), and Gallagher (1984), Cusick, 
for instance, gathered his descriptions during a six-month period in which 
he attended a high school daily, associated with students, went to class, 
had meals in the cafeteria and took part in informal classroom and corridor 
activities. 

The work described here builds upon the seminal independent research 
programs commenced by Herbert Walberg and Rudolf Moos two decades ago. It 
was almost 20 years ago when Walberg began developing earlier versions of 
the widely used Learning Environment Inventory as part of the research and 
evaluation activities of Harvard Project Physics (see Anderson St Walberg^ 
1968; Walberg, 1963; Walberg & Anderson, l968a, b). Two decades ago also 
marks the time when Koos began developing the first of his world-renowned 
social climate scales, including those for use in psychiatric hospitals 
(Moos & Houts, 1968) and correctional institutions (Moos, 1968), which 
ultimately resulted in devel oprient of the widely known Classroom 
Environment Scale. 

The way that the important pioneering work of Walberg and Moos on 
perceptions of classroom environment developed into major research programs 
and spawned a lot of other research is reflected in numerous comprehensive 
literature overviews. These include books (Moos, 1979a; Walberg, 1979), 
monographs (Fraser, 1981b; Fraser S Fisher, l983a), a guest-edited journal 
issue (Fraser, lg80), an annotated bibliography (Moos A Spinrad, 1984), 
several state-of-the-art 1 i terature revi ews (Anderson S Walberg, 1974; 
Randhawa J Fu, 1973; Walberg, 1976; Walberg & Kaertel, 1980; Fraser, 1984, 
l986b; Chavez, 1984), including special purpose reviews with an emphasis on 
classroom environment work in science education {Fraser & Walberg, 1981), 
in Australia (Fraser, 1981a), and in Germany (Dreesman, 1982; Wolf, 1983), 
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The considerable body of prior classroom environment research which 
has focused specifically on science classrooms includes studies of the 
effects of classroom environment on student outcomes (Walberg, 1972; 
Lawrenz, 1976; Fraser, 1979; Hofstein, Gluzman, Ben-Zvi, & Samuel, 1979); 
Haladyna, Olsen, S Shaughnessy, 1982; Fraser S Fisher, 19e2a, b), the use 
of classroom environment variables as process criteria in curriculum 
evaluations (Welch & Walberg, 1972; Fraser, 1979a), the study of 
differences between students and teachers in their perceptions of actual 
and preferred classroom environment (Fisher & Traser, 1983), the 
investigation of the person-environment fit hypothesis of whether students 
achieve better in their preferred classroom environnent (Fraser S Fisher, 
1983b, c), the application of classroom environment assessments in 
facititatinq improvements in classrooms (Fraser & Fisher, 1986), and 
studies of the way that classroom environment varies with other variables 
such as teacher sex (Lawrenz S Welch, 1983), class size {Anderson & 
Walberg, 1972), grade level (Welch, 1979), or grouping of students in the 
laboratory on the basis of formal reasoning abilltv (Lawrenz & Munch, 
1984). 



Sensitization to Subtle, Important Aspects of Classrooms 

Through research on classroom environnent, there is an opportunity for 
science educators to familiarize their students with many important but 
subtle aspects of classroom life. In particular, this familiarization can 
be achieved by introducing teacher education students to instruments which 
assess classroom environment and having them administer an instrument in 
classrooms during teaching practice periods. If organized in appropriate 
ways, discussion of results obtained via questionnaire administration can 
provide a very worthwhile stimulus for preservlce teachers to reflect 
seriously about their classrooms and to plan actions which will lead to the 
improvement of classroom environments. 

Table 1 provides the scale name and a scale description for five 
widely applicable classroom environment instruments. The first three of 
these - namely, the Learning Environment Inventory (LEI) (Anderson ^ 
Walberg, 1974; Fraser, Anderson & Walberg, 1982), the Classroom Environment 
Scale (CES) (Trickett & Koos, 1973; Moos S Trickett, 1974), and the 
Individualized Classroom Environment Questionnaire (ICEQ) (Rentoul S 
Fraser, 1979; Fraser, in press) - are suitable for use at the high school 
level. The My Class Inventory (KCI) (Fisher 5 Fraser, 1981; Fraser, 
Anderson, 5 Walberg, 1982) is designed for the elementary school level, 
whereas the college and University CI assroom Hnvi ronment Questionnaire 
(CUCEI) (Fraser, Treagust, and Dennis, 1986) is intended for use at the 
higher education level* Although the main application of these instruments 
in past research has been the measurement of students* perceptions of 
agtiLaJ_ classroom environment, numerous interesting studies also have used 
these scales to assess preferred^ classroom environment. The preferred 
forms are concerned with goals Tnd value orientations and measure the 
perceptions of the classroom ideally liked or preferred by students. 
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Table 1. Scale Description for the Imiividual ninensians in LEI* 
ICEO* t'ICK and CltCEl 



Scale 



Scale Description 



LeArning Envfronnpnt [nvertorV (LET) (Secondary school level) 



CoViesiveness 
Oi versi ty 
Fornial T ty 
Speed 

Material Environment 

Friction 

Goal Direction 

Favoriti sn 

Difficulty 

Apathy 

Democracy 

C 1 1 queness 

Satisfaction 
Disorganization 



Extent to whfch students know* help and are friendly 
towards each other 

Extent to which differences in students' interests 
exist and a^-e provided for 

Extent to which hehavior within the class is guided 
by formal rules 

Extent to which class work is covered quickly 

Availability of adequate books» eqinPment* space and 
lighting 

Anount of tension ami quarrelling anong students 

Degree of 9oal clarity in the class 

Extent to which the teacher treats certain students 
nore favourably Mnan others 

Extent to which students find difficulty with the 
work of the class 

Extent to v/h1ch the class feels no affinity with the 
class activities 

Extent to which students share equally in 
decision-making related to the class 

Extent to which students refuse to mix with the rest 
of the class 

Extent of enjoyrrient of class work 

Extent to which classroom activities are confusing 
and poorly organized 



Competitiveness 



Emphasis on students competing with ^ach other 
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Table 1 (continued! 

Classroom Environnert Scale (CES) (Secondary school level) 



Invol vement 

Affiliation 
Teacher Support 
Task Orientation 
Competl tion 
Order ^ Organization 

Rule Clarity 

Teacher Control 

Innovation 



Extent to vghich students have attentive interest, 
participate in discussions, do adrfitional work and 
enjoy the cla^s 

Extent to which students help each other, get to 
know each other easily and enjoy working t0t;ether 

E?ttent to which the teacher helps, befriends, trusts 
and is interested in students 

Extent to which it is important to conplete 
activities planner! and to stay on the subject natter 

Emphasis placed on students competing with each 
other for grades and recognition 

Emphasis on students hehaving in an orderly, quiet 
and polite nianner, and on the overall organization 
of classroon activities 

Emphasis on clear rules, on students knowing the 
consequences for breaking rules, and on the teacher 
dealing consistently with students who hreak rules 

The numher of rules, how strictly rules are 
enforced, and how severely rule infractions are 
punished 

Extent to which the teacher plans new, unusual and 
varying activities and techniques, and encourages 
students to contribute to classroon plannino and to 
thi nk creatively 



Individualized Classroom Environment Questionna i re (ICEQ) (Second^r.y school 
level ) 



Personal izat ion 

Participation 
I ndependence 



Emphasis on opportunities for individual students to 
interact with the teacher and on concern for the 
personal welfare and social growth of the individual 

Extent to which students are encouraged to 
participate rather than he passive listeners 

Extent to which students are allowe<^ to make 
decisions and have control over thei" Own learning 
and behaviour 



31 



ERLC 



Tahle 1 (continuefl) 
ln\fest igation 

Differentiation 



Emphasis on the skills and Processes of inquiry anri 
their use in probl en-soWi ng and investigation 

Eniphasis on the seiecti^^e treatment of students on 
the hasis of ability, learning style^ interests anrf 
rate of working 



My Class Inventory iHCl) (Prinary school levRp 



Cohtjiivenoss 

Fri cti on 
Difficulty 

Satisfaction 
Competiti veness 



Rjctent to which students know, help and are frleni^ly 
towards e<ich other 

Anount of tension anrf (Quarrelling among students 

Extent to whfch students find difficulty with the 
work of the cl^ss 

Extent of enjoyment of class work 

Enphasis on students conpetTng with each other 



College and University Classrooii Environment Inventory (CUCEl) (Tertiary 
. ^ 



level ; 
Personal! zation 

I nvol vement 

Student Cohesiveness 

Satisfaction 
Task OrientJ^tiorr 

Innovati on 
Individual izatTOn 



Emphasis on opportunities for individual students to 
interact with the instructor and on concern for 
students' personal wel fare 

Extent to which students participate actively and 
attenti\fely in class discussions and activities 

Extent to which students know, help and are friendly 
towards each other 

Extent of enjoyment of classes 

Extent to which class activities are cle^^r and well 
organized 

Extent to which the ir^structor Plans new, unusual 
class activities, teaching techniques and 
assi gnctents 

Extent to which students are allowed to rnake 
decisions and are treated differentially according 
to ability* interest and rate of working 
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The initial developnent and validation of a prelininary version of the 
LEI began in the late 1960s in conjunction with the evaluatTon and research 
on Harvard Project Physics. Initially, Vialberg (1963) devised an 
instrument called the Classroom Climate Questionnaire, which included 18 
scales selected by factor analysis and considered meaningful for the 
description of school class groups. The LEI is an expansion and 
improvement of the Classroom Clirnate Questionnaire, A forn of the LEI 
developed in 1968 contained 14 scales, but a 1969 revision was expanded to 
include 15 scales. In selecting the 15 climate dimensions, an attemf>t was 
made to include as scales only concepts similar to those found useful in 
theory and research in education and concepts which intuitively appeared 
relevant to classrooms. The final version of the LEI contains a total of 
105 statements (i,e,, seven per scale) descriptive of typical school 
classes. The respondent expresses degree of agreement or disagreement with 
^ch statement on a four-point scale with response alternatives of Strongly 
Disagree, Disagree. Agree, and Strongly Agree, Typical items contained in 
the LEI are "All students know each other very well" (Cohesi veness ) , 
"Certain students in the class are responsible for petty quarrels" 
(Friction), "Students do not have to hurry to finish their work" (Speed), 
and '*The class is well organized and efficient" (Disorganization), The 
scoring direction (or polarity) is reversed for some items. Also, in the 
most recent published version of the LEI (Fraser, Anderson, fi Walberg, 
1982), the response format is arranged in such a way as to allow ready hand 
scori ng. 

The CES is one of a set of nine separate, but somewhat similar 
instruments, called the Social Climate Scales (Moos, I97^b) which were 
developed to assess a variety of human environments including hospital 
wards, university residences, correctional institutions, military 
companies, families, and work settings. The original version of the CES 
consisted of 242 items representing 13 conceptual dimensions (Trickett A 
MooSj 1973), Following trials of the items in 22 classrooms and subsequent 
item analysis, the number of items was rQ6\jced to 208, This item pool was 
administered in 45 classrooms and modified to form the final version. 
These items were evaluated statistically according to whether they 
discriminated significantly between the perceptions of students In 
different classrooms and whether they correlated highly with their scale 
scores. The final version of the CES contains nine scales with 10 Items of 
True-False response format in each scale. This version is available in 
published form which includes a separate answer sheet and a transparent 
hand scoring key (Moos 6 Trickett, 1974), Typical items in the CES are 
"This class is more a social hour than a place to learn something" (Task 
Orientation}, "Students don't always have to stick to the rules In this 
class" (Teacher Control) and "Kew ideas are always being tried out here" 
(Innovation), The scoring direction is reversed for half of the items In 
each CES scale. 

Despite the wide application and proven usefulness of the LEI and 
CES, these instruments exclude some of the aspects of classroom environment 
which are particularly relevant in classroom settings commonly referred to 
as individualized* open* or inquiry-based. Consequently, the ICEQ was 
developed to measure those dimenrions which differentiate conventional 
classrooms from individualized ones involving either open or inquiry-based 
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approaches. The ICEQ could be used either on its CMn in studies focusing 
exclusively on individualiied settings or in conjunction with an instrument 
such as the LEI or CES to provide coverage of a broader range of classroom 
characteristics. The initial development of the long form of the ICEO^ 
which is discussed in detail by Rentoul and Fraser (1979), was guided by 
several criteria including consistency with the literature of 
individualized education and salience to teachers and students. 
Preliminary versions were modified lifter rcLeiving reactions trom tj^pcrt.s, 
teachers, and students and in the light of the results of Hen analyses 
performed on data collected during field trials. The final version of the 
ICEQ contains 50 items altogether, with an equal number of items belonging 
to each of the five scales. Each item is responded to On a five-point 
scale with the alternatives of Almost Never» Seldom^ Sometimes, Often, and 
Very Often, The scoring direction is reversed for many of the items. 
Typical items are "The teacher lectures without students asking or 
answering questions'* (Participation)j "The teacher decides which students 
should work together" (independence), and "Different students do different 
work" {Differentiation), The ICEQ is now available in published form which 
consists of a J^andbook, a test master set from which unlimited numbers of 
copies of the questionnaire may be made, and a separate hand-scorable 
;*nswer sheet (Fraserj 1985e), 

The MCI is a simplification of the LEI Suitable for children in the S 
to 12 years age range. The MCI differs from the LEI in four important 
ways. Firsts in order to minimize fatigue among younger children^ the MCI 
contains only five of the LEI's original 15 scales (namely, Cohesiveness? 
Fraction, Satisfaction^ Difficulty, and Competitiveness), Second^ item 
wording has been simplified to enhance readability. Third, the LEI's 
four-point response format has been reduced to a two-point (Ves-No) 
response format. Fourth, students answer on the questionnaire itself 
instead of on a separate response sheet to avoid errors in transferring 
responses from one place to another. The original version of the MCI 
contained nine items per scale and is Included in the first and second 
versions of the LEI/MCI Manual, But the reliability of some scales In the 
original version was less than desirable. Consequently^ the third and most 
recent version of the LEI/MCI Manual contains a new 38-item version of the 
MCI which has improved scale reliabilities (Fraser^ Anderson^ S Walberg, 
19S2), The 38-item version has 6 items in the Cohesiveness scale^ 8 items 
each in the Friction and Difficulty scales^ 9 items in the Satisfaction 
scale^ and 7 items in the Competitiveness scale. Typical items in this 
version of the MCI are "Children in our class fight a let" (Friction), 
"Schoolwork is hard to do" (Difficulty) and "The class Is fun" 
(Satisfaction), It can be seen from these examples that the reading ^evel 
of the MCI Is appreciably lower than that of the LEI and is well suited to 
use among primary school students. 

Despite strong traditions of classroom environment research at the 
primary and secondary school levels^ surprisingly little analogous work has 
been conducted at the higher education level. One likely explanation for 
this is simply the unavailability of sijitable, reliable^ and practical 
instruments for use in higher education classrooms. Consequently the 
College and University Classroom Environment Inventory (CUCEl) was 
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developed for use in snaTI qroups (say, of up to approximately 30 
Students), The CUCEI is not suitable for use in lectures or laboratory 
classesj although it may be used where the instructor is involved in 
lecturing for a relatively mfnor part of class time. The initial 
development of the CUCEI involved examining the individual scales and 
individual itenis contained in the IZU CES, and ICEQ, A set of items was 
written and subjected to the scrutiny of a nurlber of tertiary eriucators» 
including some with extensive questionnaire writing experience. After 
rewriting and eliminating many items in the light of reactions obtained^ a 
trial version of the CUCEI containing 12 items per scale was field tested. 
The final form of the CUCEI contains 49 items altogether, with 7 items in 
each scale (Fraserj Treagust, $ Dennis, 1986), Each item is responded to 
using the four categories of Strongly Agree, Agree^ Disagrees and Strongly 
Disagree, The scoring direction is reversed for approximately half of the 
items in each scale. Typical itens are '^Activities in this class are 
clearly and carefully planned" (Task Orientation) and "Teaching approaches 
allow students to proceed at their own pace" (Individualization)* 

For each of the instruments listed in Table 1, comprehensive 
validation information has been accumulated for science classrooms, Soine 
of these validity data are taken from Eraser (1936a) and Fraser and Fisher 
(1983a) and summarized in Table 2 which reports each scale's internal 
consistency reliability (using the alpha coef fici ent ) ^ discriminant 
validity {using the mean correlation of a scale with the other scales in 
the sane instrument as a convenient index)^ and ability to differentiate 
between the perceptions of students in different classrooms (significance 
level and eta^ statistic from ANOVAs), Table 2 is confined to the 
student actual form of each instrument and the use of the individual 
student as the unit of analysis. Data are based on sample sizes of U048 
students for the LEI (with the exception of mean correlations which are 
based on 149 class means because no data are available for indi vidual s) » 
1,083 students for the CE$, 1,849 students for the ICEQ, 2,305 students for 
the MCI, and 127 students for the CUCEI, Mo data are available on the 
LEl's ability to differentiate between classroons. 
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Tahle 3. Internal Consistency {Alpha Reliability), Hi scrimi nant Validity 
(Mean Correlation of a Scale with Other Scales), and ANOVA 
ResviUs for C^ass Kev^hership Hifferences (Eta^ Statistic and 
Significance Level) for Student Actuol Form of Five Instruments 
Using IndividiMl as Unit of Analysis 



U O 
1-1 

o o 



Results 



0 *J 



Results 
Eld? 



Le^ming^EfiviroftfTOfit Inventory 

(H = 
1048 
Stubej)ts) 



Co^es i venGSS 
Oivcr^ity 
FOrmA 1 i ly 
Spee^ 

Kateri^l Envirortnont 

Friction 

Goal Direction 

DifficuHy 

CI igoetiess 
SdtHfdctictn 

Dinp«tUivenGSS 



c^jjsses) 



0.69 


0. 


AA 


O.SJ 


0. 


AS 


0.76 


0. 


19 
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0. 


.17 


O.bh 


0, 


24 
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0 


.3b 
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0, 


37 


0.78 


0 


.12 


0.&4 


0 
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0. 


39 


0,67 


0 


.34 


0.6& 


0. 


.33 


0.79 


0 


.39 


o.e? 


0 


40 


0.7S 


0, 
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Indiyidvjal ized Ciassroan Environnent 
Quest lOnn^Trc 





(H = 


1,649 Students) 


t^erSonanidtion 


0.79 


0.23 


0.31* 


Participation 


0.70 


0.2T 


0.21* 


Indepcfidencc 


0.68 


0.07 


0.30* 


Investigation 


0.71 


0.?1 


0.20* 


Differentiation 


0.76 


0. 10 


0.43* 



My Class I nve ntofy 



Coh^sweness 
Friction 
Oif ficuUj 
Satisfaction 
Corppelltivenes^ 



fH = 


2,30S Slo(tents) 


0.67 


o.?o 


0.?1* 


0.67 


0.26 
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0.14 
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0.7B 


0.?3 
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0,71 
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Classroom Env> '•onrignt Scale 



Invol VGTicnt 
Affiliation 
Teacher Support 
Tasy Orientation 
Cttipoiilion 
Order £ OrgaoizatiOn 
fiuie Clarity 
Teacher Control 
Innovation 
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(N = 
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127 Students) 


0.70 


0.40 


0.2^ 










0.60 


0.24 


0.21* 


Personal i zat ion 


o.es 


0.33 


0.23* 


0.7? 


0.?9 


0.34* 


Involvement 


0.77 


0.39 


0.47* 


0.^)8 


0.23 


0.2S* 


Student cobe^iveness 


o.os 


0.?l 


0.3T* 


O.&l 


0.09 


0.1&* 


satisfaction 


0.92 


0.4S 


0.20* 


O.TS 


0.29 


0.43* 


Task Orientalion 


0.72 


0.3S 


0.22* 


0.63 


0.29 


0.21* 


Innovation 


O.GS 


0.39 


0.25* 


0.60 


0. 16 


0.27* 


Individualization 


0.67 


0,24 


0.32* 


O.S? 


0. 19 


0.26* 
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As the LEI J CES^ ICEQ and HCI are suited for use in school classrooms ^ 
it could be useful to have preservice teachers administer some scales 
during a teaching practice sessions and to discuss this information when 
they return to their teacher training institutions* In the case of the 
CUCEI which is Intended for higher education classrooms^ it has been found 
that having preservice education students rate one of their education 
classes with the CUCEI provides a useful vehicle for Introducing them to 
the field of classroom envi rontrtent , 



Curriculum Evaluation Studies 

One of the applications of classroom environment instruments which 
might be included in science teacher education programs is curriculum 
evaluation. As one promising use of classroom environment instruments is 
as a source of process criteria in the evaluation of science curricula and 
innovations^ Walberg (1975) and Fraser (1981b) urge educators more often to 
incorporate classroom environment dftnensions into their evaluations* The 
use of these process criteria is especially important since it is becoming 
common for the philosophy of contemporary science curricula and innovations 
to define^ not only the aims to be achieved by students^ but also the 
nature of the learning environment considered desirable (e.g*^ emphasis on 
cooperation or individualization). Moreover^ Walberg (1975) decries the 
overemphasis on standard achievenient criteria in curriculum evaluation and 
advises researchers to view socio-psychological classroom processes as 
valuable ends in their own right. Additionally^ several studies of 
alternative curricula (Welch & Walberg, 1972; Fraser, 1979) have shown that 
classroom environment variables have differentiated revealingly among the 
Curricula when a variety of cognitive outcome measures have shown little 
sensitivity. Because of the potential usefulness of classroom environment 
measures in curriculum evaluation, this section is devoted to reviewing 
prior work which has included environmental variables among the criteria of 
ef fecti veness< 

Anderson, Walberg, and Welch (1969) attempted to use students' 
perceptions on the LEI to differentiate classes using the penultimate 
version of Harvard Project Physics materials from classes following 
alternative physics curriculum materials. The sample consisted of 3,264 
high school students in 150 physics classes in the U*S,A. The statistical 
analysis involved multiple discriminant analysis, including rotation of 
principal discriminant loadings, with the class mean as the unit of 
analysis. It was found that students in classes using Harvard Project 
Physics perceived their classrooms as more diverse and democratic, less 
difficult and goal directed and having a better physical environinent and 
less friction* In another examination of the effects of using Harvard 
Project Physics materials on the classroom learning environment involving 
the randomly chosen classes in the original sample, Welch and Walberg 
(1972) found that students in Harvard [Voject Physics classes perceived 
their classes as having greater diversity and less favoritism and 
difficulty than was perceived by students in classes using alternative 
materials. 
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Three different studies have enployed student perceptions of classroom 
environment as criteria in the evaluation of materials developed by the 
Australian Science Education Project (ASEP)* The first study (Fraser, 
lg76, 1979) employed a modified nine-scale version of the LEI with a sample 
of 541 sevejith grade students in Melbourne to compare the perceived 
environment in ASEP and conventional classrooms six months after the 
beginning of the school year. When student socioeconomic status, general 
ability, and sex were controlled, multiple regression analyses revealed 
that ASEP students perceived their classroom as more satisfying, more 
individualized, and having a better material environment* The second study 
(Tisher h Power, 1978; Power STisher, 1979) traced changes occurring in 
student perceptions on the LEI and eight scales from the Class Activities 
Questionnaire (Steele, House fi Kerins, 1971) during the use of an ASEP unit 
in 20 junior high school classroorns* It was found that significant changes 
occurred on 12 of the 23 learning envi rontnent dimensions* In fact, after 
using the ASEP unit, students perceived their classrooms as having greater 
cohesiveness, diversity, goal direction, satisfaction, formality, 
cliqueness, humourj and discussion of interesting ideas and less speed, 
favoritism, disorganization, and apathy* 3n the third study (Northfield, 
1976), a modified version of the LEI was used fn the 17 seventh grade 
classes to monitor changes durina the use of another ASEP unit. When 
student ability in science was controlled* it was found that significant 
pretest-posttest changes had occurred for five of the nine environment 
dimensions considered* After using the ASEP unit, students perceived their 
classes as more goal directed and individualized and less satisfying, 
difficult, and competitive. 

Similarly, in the Netherlands, Kuhlemeier (1983) andWeirstra (1984) 
used the ICEQ in evaluating PLON, a new physics curriculurr emphasizing 
inquiry-based teaching methods. Kuhlemeier*s data were obtained by 
administering a Dutch instrument to a sample of 15-16 year-olds consisting 
of 257 PLON students In 15 classes and 307 control students in 15 classes. 
MANOVA revealed that, in contrast to control students, PLON students 
perceived their classrooms as having greater erphasis on participation, 
independence, investigation, and differentiation. When Weirstra 
administered a scale based on a translation and modification of the ICEQ's 
Participation and Investigation scales to 254 PLON students and 144 control 
students, again it was found that PLON students perceived greater levels of 
inquiry ^n their classrooms than did the control students. 

Levin's (1980) study reported the use of student perceptions of 
classroom environment as dependent variables In evaluating an 
individualized curriculum in 57 first to third grade classrooms in three 
cities in Israel. Of thes*- classes, 43 served as an experimental group in 
which an individualized instructional stragegy was impletnented, while 14 
comparable control classes followed a traditional instructional strategy. . 
Student perceptions were tneasured with a 45-item instrument measuring the 
following seven ditnensions: Autonomy, Competition, Social Relations, 
Discipline and Organization, Cooperation, Affective Behavior of Teachers, 
and Instructional Behavior of Teachers. Results indicated that the 
experimental and control groups differed significantly on only One of the 
seven classroom environments scales: students in individualized classrooms 
perceived greater autonomy than students in traditional classrooms. 
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Talnage and Hart (1977) reported a study in which the MCI was used as 
a source of criterion variables in an evaluation study^ The experimental 
group consisted of 23 elementary-school classes in metropolitan Chicago 
taught by teachers who had participated in a National Science Foundation 
one-year progran on investigative approaches to the teaching of nathematics 
(e*g*, exploring problems in a laboratory setting)* This experimental 
group, together with a control group of 23 classes whose teachers had not 
participated in the program^ responded to the MCI at the beginning of the 
year in which the program was run and a^ain at the end of the same year> 
When a multiple regression analysis was performed separately for each MCI 
scale with the class mean as the unit of statistical analysis* it was found 
that the group variable (experimental/control) accounted for a significant 
increment in posttest cohesiveness scores beyond that attributable to 
pretest cohesiveness scores* The interpretation of this finding was that 
students in classes taught by participants in the training prooram 
perceived their mathematics classes as more cohesive than students in 
classes whose teachers had not been trained in investigative teaching* 

If it is assumed that student achievement measures cannot yield a 
complete picture of the educational process, then it becomes important that 
the evaluation of innovations in science education Include a wider variety 
of criterion measures* As student perceptions of classroom psychosocial 
environment provide a promising source of process criteria of curricular 
ef fecti veness* it could be advantageous to include this application of 
classroom environment assessments in science teacher education prograniS. 



Changing Classroom Settings 

Although much research has been conducted on student perceptions of 
classroom learning environnent, comparatively little has been done to help 
teachers assess and improve the environments of their classrooms- 
Consequently, this section attempts to encourage and facilitate future 
integration of this area into science teacher education curricula by, 
first, providing a review of some related literature and* second, reporting 
a case study of a Successful attempt at using classroom environment 
assessments to guide improvements in classrooms* In particular, this 
section focuses on an approach In which feedback information based on 
student perceptions is employed as a basis for reflection upon* discussion 
of, and systematic attempts to improve classroom environments (see Fraser 5 
Fisher, 1986; Fraser, I98lb, c, 1985)* It involves, first, using 
assesstnents of student perceptions of both their actual and preferred 
classroom environment to identify discrepancies between the actual 
classroom environment and that preferred by students and, second* 
implementing strategies aimed at reducing existing discrepancies* This 
method can be justified partly in terms of recent person-environment fit 
research v^hich suggests that students achieve better when in their 
preferred classroom environtnent (Fraser S Fisher, 1983c). 



39 



ERIC 



Very little literature deals directly vdth the ase of student 
environn^ent perceptions in facilitating changes in classroom environmeots, 
but there exists some interesting literature related indirectly to this 
task* For exapple* as part of the teacher-as-researcher movernent in 
Britain (May, igSl), curriculum workers such as Stenhouse (1975) and 
Elliott (1973, 1976-77, 1978) have advocated a mode of action research in 
which teachers deliberately and systematically reflect upon, discuss and 
question their own classroon Practice as a basis for improving their 
teaching* Literature devoted to educational program evaluation Provides 
useful guidance about ways in which teachers can play a more prominent role 
in curriculum evaluation and in the self-evaluation of their own work 
(Davis, 1980; McCormick S James, 1983)* In fact, Bodine (1973) has 
suggested that teachers engaging in self-evaluation procedures should 
employ various feedback techniques (e*g*, observation by colleagues or use 
of rating forms) to identify areas in which teachers* classroom behaviors 
differ from what they consider Ideal* Extensive work in England involving 
teachers in the self-evaluation of their own work has led Simons (1981) to 
two pertinent conclusions* First, when teachers initially became involved 
in self-evaluation, they preferred the use of questionnaires to other 
methods (e*g*, observation or interview) for obtaining information about 
their teaching* Second, teachers required support (e*g*, on-site 
consultancy) to sustain self-evaluation* These observations suggest that 
two positive features of the proposed approach to improving classrooms are 
that it involves the use of questionnaires as a source of feedback 
information and that the researchers provide teachers with some on-site 
consultancy during the project* Furthermore, the fact that this method for 
improving classrooms utilizes feedback information based on student 
perceptions means that use is made of an important but often neglected 
source of information about classrooms (Weinstein, 1981)* 

The literature describing classroom interaction analysis and 
microteaching also provides ideas about the use of feedback to teachers as 
a neans of promoting improved classroom Practice (&*g*, Olivero, 1970; 
Dunkin S Biddle, 1974; Peterson & Walberg, 1979)* Classroom interaction 
analysiSj which involves the coding of classrooin communication (usually 
verbal) according to category schemes, has been vised extensively and 
successfully in preservice and inservice education as a way of making 
teachers aware of and subsequently improving their own teaching* 
tlicroteaching usually involves the recording on videotape of a teacher's 
presentation of a teaching episode to a small group of students, followed 
by feedback involving the teacher, supervisor and peers andj finally, 
attempts to improve any identified defects in teaching (Brown, 1975)* The 
success of using classroom interaction feedback and microteaching lends 
some credence to the idea that feedback information based on classroom 
environment profiles also could provide a useful basis for planning changes 
in classrooms* 

Although there have been very few applications of these methods 
specifically in primary or secondary school classrooms, analogous 
techniques involving the use of Moos*s Social Climate Scales have been 
in^lemented successfully in a range of other human milieus (Moosj 1974b, 
1979b)* For example^ milieu inhabitants' perceptions of actual and 



preferred environnient have been employed in fac1litatin»] change through use 
of the Uard Atnosphere Scale ^n psychiatric hospitals (Pierce, Trickett, £ 
Moos, 1972; Moos. 1973; Verlnis ^ Flaherty, 1978), use of both the Ward 
Atmosphere Scale and the Community Oriented Program Environment Scale 1ri a 
psychiatric hospital (Friedman, 1982; Friedman, Jeger, A Slotnick, 1962), 
use of the CES in college and university classrooms (OeYoung, 1977; Waters, 
1983), use of tiie Connunity Oriented Prograin Environmental Scale in an 
adolescent residential care centre (Moos £ Otto, 1972; Moos, 1973, 1974a) 
and in alcoholisn treatment programs (Bliss, rloos, & Bronet, 1976), use of 
the Group Environment Scale in staff milieus (Schroeder, 1979), use of the 
Work Environmental Scale in law enforcement agencies (Waters, 1978) and a 
hospital burn unit (Koran, Hoos, £ Zasslow, 1983), and use of the Family 
Environment Scale In family therapy groups (Fuhr, Moos, i Oishotsky, 1981), 
Although the above studies are related only peripherally to work irt school 
classrooms, nonetheless, they attest to the efficacy of the general 
strategy of using environmental assessments to guide environmental 
improvement and sug9est some useful ways of conducting and reporting this 
type of work. 

Because only a handful of applications of these techniques In school 
classrooms has been published, this section illustrates the proposed 
methoas by reporting one of these case studies in detail. This involved a 
teacher fr ^ a private secondary school in a suburb of Sydney in employing 
actual ant< ^/referred forms of the ICEQ In a systematic attempt to improve 
the environment of one of his classes. This class consisted of 31 seventh 
grade boys of mixed ability who were studying several different subjects 
with the same teacher. The procedure followed Incorporated the following 
five fundamental steps: 

U Assessment , The teacher administered the ICEQ to all students 
in the cUss, The actual form was answered first and the 
preferred form was answered a week later, 

2, Feedback^ , Student data were analyzed by computer by the 
researchers and presented to the teacher in the form of profiles 
representing the class means of students' actual and preferred 
environment scores. During a visit to the school, the researchers 
explained the interpretation of results to the teacher. In 
particular, the profiles were used to identify changes in 
classroom environment needed in order to reduce discrepancies 
between the actual environment and the preferred envi rontnent, 

3, Reflection and Discussion , After private reflection and informal 
discussion with the researchers, the teacher decided to introduce 
an intervention aimed at increasing the levels of Personalisation 
and Participation in his class, 

4, Irvtervention , The teacher introduced an intervention of 
approximately ono month's duration in an attempt to increase 
classroom Personalization and Participation, This intervention 
consisted of a variety of strategies, some of which originated 
during a number of tneetings between the teacher and researchers 
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and others of which were suggested by examning ideas contained 
in Individual ICEQ items. Strategies implemented to enhance 
classroom Personalization involved the teacher In moving around 
the class more to mix with students, asking students about their 
welfare, praising and encouraging students* chatting with and 
being warm toward students, and avoiding snapplness, ThTS 
required some restructuring of lessons so that the teacher had 
more time for moving around the class. Strategies used by the 
teacher in attempting to increase Participation were reducing 
teacher talk* providing more time for students to ask and answer 
questions, and organizing more group work. In brief, the overall 
rationale for these strategies was to place greater emphasis on 
the human element In teaching, 

5, Reassessment , The student actual form of the ICEQ was 

administered at the end of the month of intervention to see 
whether students were perceiving their classroom environment 
differently from before. Again data were analyzed by computer 
and fed back to the teacher accompanied by lengthy discussion 
about the meani ngfulness of results. 

The results of the study are summarized graphically in Figure 1, whTch 
compares profiles of student actual-preferred discrepancy scores obtained 
before and after the intervention. These discrepancy scores vjere obtained 
simply by subtracting the class mean score for students' perceptions of 
actual environment from the mean score for preferred environment on each of 
the ICEQ's five scales. The distances between points on the discrepancy 
profiles and the horizontal line in Figure 1 represent the necessary 
Increase or decrease in each area needed for the class to become as 
students would prefer U, 
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Figure 1. Pretest and Posttest Profiles of Mean Actual-Preferreri 
Discrepancy Scores 



43 



ERIC 



Figure 1 clearly illustrates that, durinQ the tine of the 
intervention, an appreciable reduction in actual -preferr9d discrepancy 
occurr9d for the diniensions of Personalization and Participation, but that 
a negligible chang9 occurred for the Independence, Investigation, and 
Differentiation scales. These findings are especially noteworthy because 
the two dinensions on which the appreciable changes were recorded were 
those, and only those, or\ which the teacher had attempte<l to promote 
change. To further illustrate these fi ndings, a t^ test for dependent 
samples for the significance of pretest -posttest changes in discrepancy 
scores was conducted for each scale- (Since only a single assessment of 
preferred environment was made, these t tests for pretest-posttest changes 
in discrepancy scores are equivalent to t tests for pretest-posttest 
changes in actual scores.) It was found that, during the intervention, 
large and statistically significant reductions occurred in actual-preferred 
discrepancy on the Personalization and Participation scales, but that 
negligible changes occurred on the other three ICEQ scales- 

Generally^ the teacher found that information obtained fron 
administration of the ICEQ was meaningful and that it was possible to 
identify phenomena in the class which were contributing to the profiles- 
In particular, the changes in environment picked up through use of the 
questionnaires accorded with the teacher's intuitive expectations bas^d on 
student comments and classroom events* These observations are important 
because they suggest that, in this instance, the ICEQ was able to provide 
the teacher with feedback information about this class which appeared 
plausible, which made him aware of specific problem areas, and which 
suggested starting points for implementing improvements- 

Although the case studies reported in this paper and elsewhere 
(Fraser, 1985a) hold considerable promise, their limitations must be 
acknowledged in two important wiiys- First, as each case study involved 
only one teacher and his/her classroom, more work along these lines is 
urgently needed to verify the efficacy of these methods of environmental 
improvement in other geographic areasi in other school subjects, and at 
other grade levels. Second, because our primary concern was exploring the 
effectiveness of a newly proposed application of actual and preferred 
classroom environment scales, we did not pay a great deal of attention to 
the nature of the interventions which were i F^strumental in bringing out the 
observed environmental changes- Consequently, although this paper provides 
some evidence to justify teachers' confidence in using this approach to 
changing classrooms, the important task of accumulating detailed 
information about the nature of the interventions most likely to produce 
marked changes on particular dimensions of classroom environment has hardly 
begun- There is considerable scope and need in the future, then, to extend 
Johnson et al-'s (19M) admirable work in designing strategies for 
enhancing classrootns cooperation to the design and evaluation of general 
strategies for changing a classroom's emphasis on a range of other 
important cl assroom envi ronment dirnensions- 
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Uhereas the case studies reported here and in Fraser (1985a} involved 
experienced teachers attempting to change their classrooms as part of 
inservice education initiatives. Lacy, Tobin, and Treagust (1984) recently 
involved preservice teachers in using a classroom environment instrument to 
provide feedback about their classrooms. The study involved 40 preservice 
science teachers involved in three microteaching sessions, each one week 
apart, with small groups of students which made up a total sample of 180 
students from one school. Student perceptions of preferred environment 
were assessed at the beginning of each microteaching session and 
perceptions of actual environment were assessed at the end of each session* 
It was found that students' perceptions of actual classroom environment 
became more positive over time, thus tentatively suggesting that feedback 
information about students' perceptions of actual and preferred environment 
helped preservice teachers to change their teaching in ways which students 
perceived to be improvenents. This preliminary study suggests the 
potential value of introducing preservice science teachers to classroom 
environment instruments in order to provide them with a tangible means of 
obtaining feedback about and guiding improvements in their teaching. 



Conclusion 

This paper has argued the merits of including the topic of classroom 
psychosocial environment in the Curriculun of science teacher education 
programs. In particular, discussion focused on the potential of classroom 
environmental work, first, as a way of sensitizing preservice teachers to 
important but subtle aspects of classroom life; second, as a source of 
process criteria of effectiveness in curriculum evaluation; and, third, for 
guiding systematic attempts to improve classrooms* 

It has been assumed in this paper that having a positive classroom 
environment is an educationally desirable end in its own right. Moreover, 
the comprehensive evidence accumulated in prior research also clearly 
establishes that the nature of the classroom environment has a potent 
influtrnce on how well students achieve a range of desired educational 
outcomes. Consequently, educators need not feel that they must choose 
between striving to achieve constructive classroom environments and 
attempting to enhance student achievement of cognitive and affective aims* 
Rather, constructive educational climate may be viewed as both means to 
valuable ends and as worthy ends in their own right. 

Given the ready availability of instruments, the salience of classroom 
environment, the impact of classroom environment on student outcomes, and 
the potential of environmental assessments in guiding educational 
improvement, it seems crucial that researchers and teachers begin to 
include classroom environment instruments as part of the batteries of 
measures used in school evaluations and school effectiveness studies. It 
is hoped that this paper ultimately will contribute to a greater awareness 
of the importance of classroom environnent among teachers by encouraging 
science teacher educators to introduce these key ideas as part of their 
teacher education programs for prospective science teachers. 
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In this expGriment, we "eavesdropped** on a Conversation among a small 
group of student and master science teachers as they learned about and 
tried to use two data-collecting instrunents adapted from teacher 
effectiveness research studies {C, Fisher, 1980; T, Good, 1983). It was 
not our intention to pressure teachers into molds of teaching derived fron 
this effectiveness research. Rather we hoped to trigger dialogue 
concerning classroon phenornena among the students and master teachers that 
would be rich in language-specific detail. Me were particularly interested 
in tapping into the processes and content of teacher thinking as the 
participants in the Conversation reflected on the "doing" of teaching. The 
purpose of this experinent was to gain insights into mre effective ways of 
preparing novices to understand and think like experienced teachers. 



STRUCTURING THE! CONVERSATlOfJ 



The Participants 

Nine people participated in the Conversation: three science master 
teachers {M,T,), Lorin, Vicki^ and Joe; their student teachers (S,T,), 
Emma, Bob, and Bernice; and three professor/researchers. The three 
master/student teacher pairs taught in different schools in the California 
San Francisco Bay Area, One setting was a racially mixed eleventh-grade 
physics class of college-bound students** thL* second was a ninth-grade 
general science class of highly transient, nolti -ethnic students; the third 
was an eleventh-grade class of affluent students studying biology in an 
academically competitive high school. Two of the master teachers had each 
been teaching for fifteen years; the third teacher was in her second year 
of teaching. The student teachers had undergraduate degrees in biology^ 
chemistry, and physics respectively. The prof essor/researchers had been 
science teachers before becoming academics. Two were the primary 
professors and supervisors for the participating student teachers; the 
third was a visiting professor on a sabbatical leave. The professors 
provided structuring in the dialogue setting but purposefuly restricted 
their verbal participation in the Conversation, 



Parity 

The Conversation was structured to optimize the possibility that 
parity iifould exist between student and master teachers during the 
Conversation, Both groups were equally ignorant in the use of the research 
coding instruments^ the instructional content to be learned by student and 
master teachers. Student teacher verbal domination during the conversation 
was anticipated because the students alone knew the majority of the 
participants in the Conversation; their professor/supervisors, their master 
teachers, and each other. The students had interacted intensely in many 
situations during the four months preceding the conversation: they had 
spent four days with their professors and peers on a retreat in the 
mountains^ shared the anxieties associated with their first student 



The author wishes to express special thanks to the student and master 
teachers who participated in this study and to Drs, Tom Russell (Queens 
College, Kingston, Ontario) and Rich Ponzio (University of California, 
Berkeley), the two researchers who participated in the Conversation and 
pre/post interviews, 
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teachfng experiences^ and studied and socialized together. The three 
master teachers had never met each other and knew only their own student 
teacher. The Conversation setting was totally foreign to the naster 
teachers though ft v^as familiar to the student teachers, as it was the 
classroom for all of their college classes. 



The Plan 

In order to precipitate dialogue among the snail group of student and 
master teachers participating in the Conversation^ the 
professor/researchers offered to introduce and train the group in two 
observational coding schemes derived from the teacher effectiveness 
research related to Tom Good's Active Teaching Behaviors (ATB) and 0, 
Berliner and C* Fisher*s Academic Learning Time (ALT). The task of the 
group during the Conversation was to code videotaped lessons from the 
participating teachers' classrooms usir^g the ATB and ALT forrris. 



Preparations 

In anticipation of the Conversation, the researchers set up separate 
appointments with each tnaster/student teacher dyad to invite thern to the 
"training sesstonJ* The professor/researchers told each dyad that they 
were invited to a session that was designed to "introduce you to coding 
forms that look at teacher behaviors and student behaviors, Vou will get a 
brief idea of what theyVe about and will have a charrce to try using them 
as you code from videotapes of your classroom. We are interested in 
introducing these materials to you and, to the extent that you're 
interested in them, providing whatever help we might to you in the use of 
thetn. We're not asking you to change your teaching* We're interested in 
your honest rections to what you see* so that when we Mnish we can have 
So[ne feeling as to whether this is something that might be useful. If it 
does lead to an attempt on your part to try something different* we'd be 
interested jn what you try* and if it works or not," All three dyads 
agreed* 

In addition to the three meetings with the participants to invite them 
to the "training session*" the researchers visited each of the three 
classrooms a second time prior to the Conversation. They collected data 
during science lessons* using the two coding instruments in order to have 
realistic teaching examples from the participants' classrooms available on 
the evening of the conversation. Each student and naster teacher dyad was 
requested to bring a videotape of their classroom teaching to the 
Conversation for use in the practice coding. Every effort was made to 
bring as much as possible from the participants' classrooms to the 
Conversation so that the media for dialogue would be from a familiar base. 



The Setting and Agenda 

The conversation took place from 6:00 to 9:00 in the evening at the 

student teachers' college, A large comfortable room with a fireplace* 

blackboard, round table that easily accommodated the nine panicipants, and 
video screen for viewing the taped lessons provided the environment for the 

Conversation, An informal relaxed atmosphere prevailed; food and drinks 
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were available when the participants arrived and throughout the 
Conversation, 



The three-hour session was divided roughly Tnto six parts: (1) 
Getting acquainted, (2) Discussing the Acaflemic tearninq lime {ALT) 
research and introducing the coding instrument forms, (3} PractiCTng coding 
from videotapes usinq the AtT instrument, (4) Discussing the Active 
Teaching Behavior (ATB) research and introducing the coding in5trunent 
forms, (5) Practicinq coding from videotapes using the ATB instrunent, and 
(6) Wrapping up the Conversation, 



The Training 

The fir5t research coding instrument to be introduced in the 
Conversation was derived from the ALT research and focuses on student 
behaviors. It utilizes a time-sanpling procedure for direct observation of 
selected students for fifteen-second intervals. The student behavior is 
then noted in lermi. of Academic Engagement and Accuracy of Student 
Responses, There are three possible categories of engagement from which to 
select: Engaged (the student is actively processing academic information), 
Hon Engaged, or Interim (refers to nonacademic tasks that are part of the 
lesson, such as pencil sharpening or getting books). In the area of 
student accuracy, the observer must decide if the student activity during 
the engagement is Accurate, Inaccurate, or Covert (not possible to 
determine). There is also a category for the observer to note whether the 
student is responding Orally, In writing, or Using manipulatives* 

The second research coding instrument to be introduced in the 
Conversatio"' derived from the ATB research and focuses on teacher 
behaviors* also uses a ti:ne-sampling procedure for coding observations 
of teachers involved indirective teaching strategies. The teacher is 
observed for thirty seconds and then his or her activities are coded into 
one of twenty categories that best describes the major activity during that 
period. In addition, space is provided for "description" so that the 
observer can note specifics during the time interval. The twenty 
categories are divided into four units: Lesson Introduction, Instruction, 
Closure, and Classroom Maintenance, Under each category is subsumed 
specific behaviors most frequently found among outstanding math teachers in 
Good's studies. For example, under the Introduction category are: (1) 
states goals and objectives^ (2) outlines lesson, (3) explains concepts or 
defines items» and (4} reviews previous instruction. 



DESIGN AND DATA 



The design and resulting data from this experiment consist of: (1) 
audio recordings and typescripts of interviews with the 
master-student-teacher dyads three weeks before the Conversation; (2) 
typescripts from audio recordings of the Conversation; (3} master teachers' 
and student teachers* coded observations of their science students within 
three weeks following the Conversation (the number of observations to be 
individually determined); (4) three open-ended individual descriptions of 
science students by the student teachers within six weeks following the 
Conversation; and (5) audio recordings and typescripts of post interviews 
with the master teachers form the basis for this descriptive study. 
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RESULTS 



Griffin (1984) suggests that teacher knowledge is for the nost part 
unarticulated ; beliefs often override acquired information- iJe were 
interested in learning about teacher knowledge and the thinking processes 
teachers use as they are actively engaged 1n teaching. This exPerinent v/as 
designed to precipitate teacher "thinking-in-action" by simulating 
real-time, classroom decision-making situations. Conversation participants 
were forced to make classification choices from videotaped scenes in a 
moving time frame- Evidence for the existence of an extensive teacher 
knowledge repertoire and shared thinking Processes follows- 



EVIDENCE FOR THE EXISTENCE OF A COnnOK TEACHER KNOULEDGE REPERTOIRE 



The Conversation elicited stark rontrasts between student and master 
teachers in; (l) the volume of ta?k» (2) the interactive form of the 
dialogue, (3) the linking of new knowledge^ and (4) 
hypothetical -experimental thinking- These differences suggest the 
availability of a knowledge reservoir on the part of master teachers that 
is unavailable to novice teachers. 



Volume of TaU 

Master teachers dominated the talk; they accounted for 80* of the 
dialogue during the entire structured Conversation; the student teachers 
talked 10% of the total time. The remaining 10% of the talk consisted of 
inptit and structuring by the professor/researchers. The concept of parity 
between student and master teachers as they practiced applying the research 
categorizations to classroom situations was nonexistent. Verbally and 
intel lectually^ the irraster teachers completely dominated the Conversation, 



Interactive Dialogue 



The master teachers argued, talked^ laughed, and "rolled ideas back 
and forth" in their attempts to select the category that best fit the 
behavior. Clearly they were engaging in a very familiar activity; 
on-the-spot decision making. An example of this interactive dialogue among 
the master teachers follows {the words in bold type are category names on 
the coding sheets): 



Vicki (H-T, }; 



Joe 


(tl.T.)-. 


Lon* n 


(fl.T.): 


JOft 


(f1.T.): 


Vicki 


{(I.T.): 


Lorin 


(H.T.): 


Joe 


{H.T.): 



So,-, that was-,, (pause as she's trying to figure out 
which teaching behavior to code) , - ,directions {said 
almost inaudibly), 

Yes» that was really maintenance (said with positive 
conviction) really getting the class started* 
It was k'ind of class rules, 

WelU she restated a rule and then gave direction- 
So the major focus then v/as restating class rules or 
may be told to attend. 
Told to attend, 

Yes» 1 think it is told to attend- 



ed 

FRir 
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A consensus was reached; each master teacher initially selected a different 
teaching behavior category* As they continued to think and discuss fjut 
loud, an entirely new category was identified that all agreed captured the 
teacher behavior most closely. 

Although confidence and high engagement characterized nuaster teacher 
behavior during the encire Conversation training session, student renarks 
were tentative and surprisingly timid. Student teachers seldom initiated a 
behavior-classifying suggestion, whereas master teachers vied to be the 
first with an idea. The student teachers characteristically mentioned only 
one Possible categorization and then ceased talking. Many times they 
appeared to be waiting expectantly to see if their suggestion was the 
"right answer*" 



Linking New Knowledge 

The master teachers reacted to the novel, problem-solving challenges 
presented in the Conversation training session by thinking of practical 
"scin-off" applications that could be applied in their day-to-day teaching- 
Framing the coding activity in this manner suggests a linking of rew 
information to pre-existing knowledge- The following quotes are from 
master teachers in response to the question posed at the beginninq of the 
Conversation concerning their memory of the purpose of the evening as 
explained by the professor/researchers in the pre-Conversation interview- 

Vicki (it-T-)v WelU I think I heard basically the same thing that 
Bob (S-T-) said and then maybe took it one step 
farther thinking, "Gee, as a second-year teacher 
maybe this is something I can use- So if it's great, 
I'll go ahead and use it-" At this point in time, 
I'm just interested in getting my hands on any kind 
of tool I can- Also, I've been a little frustrated 
myself with just observing Dob (S-T-)- How can I be 
n»ost objective in my approach as a master teacher and 
try to cover as many bases as possible with Bob 
feedback-wi se? 

Joe (H-T,): it sounds interesting and useful- Having had a 

number of student teachers over the years, I've 
wished I could have something to direct my attention 
because I have a number of things that are 
distracting to me- There are so many different 
things in the teaching process, and every tine I have 
a student teacher I have to rethink so many things- I 
look at this as a learning process for myself because 
otherwise 1 don't think about sone of the things I 

do you know, why are these good techniques or what 

do I do in the classroon? 




References to "covering a lot of bases" and "there are so many things ir> 
the teaching process'' suggest the awareness of a Tairly extensive 
professional knowledge base. In fact, in Joe*s case, the knov/ledge seems 
to be at a subconscious level, something he doesn't actively think about 
unless required to, as wUh a student teacher. The teachers* contnents also 
suggest difficulties in verhally articulating teacher knowledge to student 
teachers < 

Stuclent teachers, iK\ cot^trast to the snaster teachers, did not appear 
to have the internalized knowledge base available for linking. Rather, 
they ^ramed the coding activity in terns of internal expectations. The 
following are examples of quotes froni the student teachers in response to 
the question posed at the beginning of the dialogue: "IJhat do you renenber 
hearing described vvhen we invited you to this Conversation?" 

Bernice (S,T*): To tell you the truth, I don*t remember anything 
except for the checklist, you know, check out 
behaviors. Sounds awfuK 

Emma I rennenber, wait.,.n^ay I ask some questions? Are you 

going to b\i asking us to do certain thip.gs^ I mean 
besides just the checklist as far as niy teaching goes 
or can I just go on teaching the way I've been 
teaching? 

Bob (S<T*): Uell, I reriiember that you needed some of the 

secondary people to help you out with 1t and it was 
something you wanted to try with both the teachers 
and the students. 

At the conclusion of the training, the student teachers had the 
following comments: 

Emma (S<T.}: Is this going to last till the end of the semester? 

Do we have to use these forms till then? 
Bernice (S»T.); So does thcit mean you don't want these back, these 

data sheets hack? 

Student teachers appeared to link the usefulness of newly acquired skills 
and information to the meeting of externally perceived expectations from 
authority fiqures* A possible explanation for this type of student 
thinking may be the lack of an available practical teacher-knowledge base 
to draw on and add to. 



Hypothetical -Eicperi mental Thinking 

A flood of questions emerged from the master teachers about the 
specific use of the coding instruments in hypothetical situations. These 
"what if*.." questions require an Informed knowledge base from which to 
think about the unknown but possible* The follovjlnq two examples were 
selected to illustrate this point; 
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Joe (M,T,): During the accuracjf corling, whet if the student*s 
thinking? 

Vicki {H,T,): What if you're trying to do some overt responses froni 
the class, trying to maybe check for understanding 
and you're asking students to say do thumbs up, 
thumbs down. Is that manipulative or is that 
considered oral? 



An ei^ample of teacher ei^perimental thinking was described by one of 
the master teachers in the post-conversation interview. 

Researcher : Are these the same students but rearranged? 

Joe {M,T,h Same students, yes, I put them boy-girl, boy-girl 

just to see what would happen. So far it is working 
fantastically. It's a real interesting ei^periment* 
Ei^cept for one, Davis - he just didn*t work with 
anyone else* 

Researcher : Was that the boy I looked at that day who was never 

on task? 

Joe (m,T,): That's the one, Vou know, it would be interesting to 
give him the form to fill out on four other kids so 
he could See frotn observation what other people do 
with their time in here, U would he interesting in 
itself to see his response, I might try that. 



It should be noted that there were no hypothetical or experimental 
suggestions or comments made by the student teachers during the 
Conversation, Perhaps these more formal, abstract thinking patterns 
require a significant base of concrete ei^peri ences , as yet unattained by 
the novice teachers in their practice teaching. 



TYPES OF TEACHER THlNKlNG-I N-ACT ION PROCESSES 



Two thinking patterns emerged in the Conversation experin^nt and are 
referred to as reading signals and simultaneous part-whole processing. 
These processes were used ei^tensively and understood by all three master 
teachers, Although the student teachers were doing some signal-reading, it 
was not as developed or used as frequently as by the master teachers. The 
part-whole processing, as noted by the master teachers in this section, is 
particularly difficult for student teachers. 



Reading Signals 

Master teachers made ei^tensive use of visual clues in selectively 
observing classroom phenomena. They referred to this process in their 
discussions as "reading signals," The physiological focus was most often 
the head, face, and upper body, probably because these parts of the body 
were the most observable data available to the teacher as she/he moved 
about the classroom. The following four episodes were recorded from master 
teacher comments as they classified videotaped student behavior as 
"engaged" or "nonengaged, " 
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Vicki 



Well, that's hard because she's ffoinq is 
correcting a review paper^ so you have no idea 
whether she's engaged or not< 



Episode 11 

Vicki 

Lorin 
Vicki 
Lorin 



(M*T<); You can't see the ht^^^ we have no idea if she's 

watching the person \-, o resPondirig, 
fM,T,): Of course the body l"?r^TJ^pi^^ says sone things* 
[rUTO^ That's true; the sho icr:~ ;rns< 
(rt<T<): The hands. 



Episode 111 

Joe 
Lorin 

Vicki 



Lorin 



(n<TO: I'd say she's looking up at Boh< 

(ruT<): Veah, it's very subjective but 1 think her mind was 

on soneth?ng else just watching her eyelids* 
(rt<T<): It was like Tm supposed to be watching the speaker 

so rn look in thcit direction but thinking about 

something else, 

(fLT,)' There was some changes in focus si i ght movements of 
the head. 



Episode IV 

Vicki (fLTj: That^s a "cool" behavior, 
Lorin {lUT,): Veah* 

Vicki (t1-T*): And that doesr\*t necessarily nean that he*s not 

engaged, <<i t 's a Posture but it doesn't mean that 
he*s not there, 

Lorin {M-T<): You can't really see the faces so you can't tell* 

The teachers collected information from students* head movements, 
shoulders, arms» hands, eyelids, and faces. The attending to the detail 
nonverbal » sometimes rather subtle behaviors, suggests that teachers may 
have internalized coding that helps then collect data and organize it in 
order to make instructional decisions quickly and accurately. 



of 



S^inultaneovjs Part-Uhole Processing 

A shared pattern of teacher thinking, a corufnon way of "seeing" in the 
classroom, emerged during the master teachers' Conversation dialogue, 
Vicki (r-LT*) referred to it when she said, "That's what you get with 
teachers you know, they have a third eye*,, or sense of something, ,, eyes in 
the back of their head*" Joe (H*T*) said a similar thing in response to 
one of the researcher's questions in the post-Conversation interview 
concerning Joe's classroom use of the ALT student coding form* 
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Did you find it frustrating not to be looking at the 
rest of the class while looking at those four 
students (while using the data Collecting 
instruments)? 

No, No, it didn't bother ne at all, 1 focused In on 
them, I've never been able to do that before, Vou 
know normally you're more sort of Involved in the 
whole thing. And I think this is on£ of the hard 
things; it becomes second nature to a teacher who's 
taught a while and a hard thing for a young new 
teacher. And th^t is to be ^ware of everything, I 
mean youVe looking at a whole picture. And it's the 
kind of thing where you're standing over here and you 
know what he*s doing over there because you've got 
eyes in the back of your head kind of thing. 

Classroom thinki ng-in-act ion requires teachers to simultaneously keep track 
of individual students and the entire group. Data from these multiple 
sources nust he carefully weighed to determine which course of action to 
take at any one moment in time. 

Simultaneous events taking place in different parts of the classroom 
environment. In combination with the need for teachers to nake numerous 
on-the-spot decisions^ force a kind of thought processing that is 
dramatically different from researchers* reasoning. Researchers 
systematically and laboriously collect numerous data points before making 
decisions and generalizations. In the Conversations the master teachers 
quickly interpreted from just a single data point. This practical 
thinking-in-act Ion processing allows teachers to dynamically affect ongoing 
teaching episodes. 



IMPLICATIONS FOR SCIENCE TEACHER EDUCATlOri 



In the Conversation experiment in this study» student and master 
teachers were forced to "see" and *'th1nk" about classroom phenomena using 
researchers' lens. As the experienced and novice teachers watched 
videotapes of their classes, they tried to classify their own Dehaviors and 
those of their students using categories derived fron; teacher effectiveness 
research, Master teachers thought "out loud" as they struggled to make 
choices about the Interpretation of specific student or teacher actions. 
In the process, teachers' thinking-ln-actlon becane overt* The surprising 
lack of involvement on the part of the student teachei^s appeared to be due 
to their inability to generate ways to think about teacher thinking. 

This experiment strongly suggests two possibilities for strengthening 
teacher preparation programs in order to enhance students' capability to 
think, understand and act like professional teachers. The first Idea 
Involves the use of videotaped episodes from student teachers* classrooms 
for the purpose of building a solid repertoire of practical experiental 



Researcher : 
Joe in.l.): 
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knowledge* The second suggestion relates the powerful effect of dialogue 
among student teachers^ master teachers^ and science education professors 
about relevant research* The underlyincj force in both the videotaped 
classroon episodes and the research dialogue with master teachers is active 
reflection on teachers* thinkirtg-in-action* A desirable goal for science 
teacher preparation programs is to lay the groundwork so that in time the 
students can think fornally, the Piagetian sense, about their own 
teaching* Implications from this study argue for the inclusion of the 
following approaches in structuring college classes on science instruction 
to facilitate this goal* 



Videotaped Episodes from Student Teachers' Classrooms 

The first idea suggested by the Conversation experiment is the 
inclusion of videotape analyses in the curriculufn- There are two 
environments in preservice teacher education in which a student can 
potentially begin building a strong teacher knowledge base: methodology 
courses and student teaching- Methods courses are conducted 
'*at-a-di stance" from real classroorns so discussions lack the rich, vivid 
details, complexities, and pacing so essential to indepth analyses- 
Student teaching is the obvious place to learn what and how teachers think; 
unfortunately reflective conversations rarely occur- Time pressures, a 
paucity of language for detai 1 -speci f ic talk, and lack of professional 
precedent explain the absence of student and master teacher discussions on 
teacher thi nki ng-i n-act ion* 

Interactive viewing of videotaped segments fror;i the student teachers* 
classrooiT^s can dynamically affect the acquisition of practical knowledge 
related to teacher decision naking and thinking* Instant replays, 
f reezi ng-an-act ion, and temporarily putting the class "on hold" are all 
possible with this media* Student teacher control over the classroom flow 
provides oppori:inity for reflective discussions in the presence of 
concrete^ actual situations in "real time*" Engaging with master teachers 
in this reflective process provides the possibility that students can tap 
into and listen to teacher's action thinking- Interacting with other 
student teachers in this process is the beginning of teacher col^egiality 
in which discussion of classroom detail is the norm- 

Piagetian theory suggest that in order to move from one level of 
understanding to the next* confrontation or disequilibrium, in combination 
with reflection, is required {Bowyer and Karplus, 1979)- Imposing forced 
choices on teacher-thinking in the Conversation tasks described in this 
study precipitated argument, discussion* and Fnental activity that is 
consistent vvlh the disequilibrium involved in reflection and naturalistic 
learning- Teachers ^'ere frustrated by aspects of the observation 
instruments that fron their viewpoint, at times filtered out important 
infornrtation or conversely^ yielded superfluous data* Vet» confrontation 
and reflection occurred- It is suggeste:.[ that demanding problem solving 
tasks coupled with the videotaped teaching episodes that require action 
decisions be included in science education coursewort- * Thinking in context 
about teacher-thinking will stinulate new understandings concerning the art 
and ski 1 1 of teaching* 
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Using both unstructured discussion and focused activities that demand 
active processing of the video data offer student teacK^^s opportunities to 
add practical knowledge to their classroon-thinking repertoires. In the 
focused viewing, student teachers can choose to concentrate on 
instructional strategies, content learning, or specific students. Video 
viewing tasks can be designed that demand students' active engagement in 
classifying (example: questions), serial ordering (exarpler direction 
instruction), or part -whole thinking (example: look at the effects of the 
concltvding class activity in relation to the initial idvdnc^^ organizers). 
There is also the possibility that student teachers can actively engage in 
"what if" thinking by comparing what actually happens in the taped 
classroom episode with "what might be" if another strategy were used. The 
alternative idea can be partially played out by relookinq at the taDe to 
see if the limiting problems related to the initial strategy would in fact 
be addressed in the new approach. This reflecting on and analyzing 
concrete experiences using the context-familiar classrooni videotapes 
perhaps can provide a base for the teachers to eventually think in formal 
operational terns about their work. 



Dialogue Among Student Teacher, Master Teachers, and Science Education 
Professors about Relevant Research on Training 

A second implication suggested by this study is the inclusion^ in 
science education instruction, of carefully structured dialogues atrong 
student/master teachers and science education professors concerning 
relevant research. Teachers and researchers in the process of doing their 
work both actively observe and interpret classroom phenomena, VJhat they 
see and how they use their observational data of course differ: teachers 
teach students and researchers add new knowledge to the field by 
empirically developing pnodels for use in prediction and interpretation. 
There appears to be potential^ if these discussions are properly designed, 
to change students* and master teachers* understandings of the processes 
and practical use of educational research- 
Listening to teachers in this study argue and discuss, as they 
attempted to adapt their professional thinking to fit the researchers" 
moldsj highlighted gaps between teachers* and researchers" knowledge 
domains, Joe^ one of the master teachers, said it very clearly, Uhen 
asked what he remetnbered about the invitation to learn about the research 
instruments^ his response was^ ""Well^ actually^ I haven't thought about it 
much, (pause), ,, I *ve sort of been in another world,'" 

Teachers appear to have little knowledge concerning how educational 
research is supported, conducted or used. At the beginning of the 
Conversation^ in an effort to make connections with the research 
instruments to be used later in the eveningj the question was asked, "Does 
everybody know about the Far West Educational Research Lab?"' The answer in 
unison v^as, "'No/" After a brief explanation^ Lorin, on^= of the master 
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teachers^ asked^ "Where is it actually located?" In fact, that particular 
research lab is located just ten miles from where the Conversation 
participants were sitting- The student and master teachers were equally 
ignorant concerning the National Institute of Education and the National 
Science Foundation, Clearly, educational research literacy needs to be 
functionally addressed early in a teacher's professional preparation. 

The teachers in this study were visibly distressed i:^ terms of the 
discrepancies between student data collected using the research instruments 
and student data they collected in the process of teaching. An example of 
this occurred during the Conversation, All of the teachers ag'^eed that the 
student behavior they were coding could easily be classified as 
nonengaged. However^ in the ensuing discussion it was revealed (by the 
person who taught the lesson) that although the student appeared 
nonengaged^ in fact^ "at the end of the lecture this student summarized it 
very well* He really knew in detail what was going on," 

In another example^ master teacher Lorin was struggling to code a 
particular student response in terms of accurate or inaccurate, "In 
physics it would be kind of difficult to code this, I watch kids and ofr.en 
I can see a great deal of what they're doing is not quite right; some of it 
I've explained and they didn't get and some of it^ ha, I never thought that 
anybody would do it that way," Everyone laughed knowingly. 

Then Vicki added^ "I kinda see what Lorin's point is. In science a 
lot of times you learn so much more by being inaccurate and learning from 
you"^ mistakes or from experimenting with a technique and coming around from 
behind sort of to figure out what youVe doing. And that's the fun of 
teaching science: to watch kids try all these things before they kinda 
figure out what works for them by coming onto the 'accurat'3,' Is that 
inaccurate science teaching technique?'^ 

Another area where teacher and researcher knov/ledge differs is in 
reference to the collection of data. Researchers systematically collect 
data points over relatively long time periods and the teachers 
nonsystematically collect student data in short spurts* Researchers use 
their data to generalize to larger populations; teachers use theirs to make 
on-the-spot educational decisions. Teachers accumulate data on an 
individual by storing sporadically collected hits^ over time^ in the 
memory. An emerging picture of a student gradually becomes more complex 
and complete. However, at any one pointy the teacher must use what's 
available to make a decision; observations instantly become 
interpretations* This is the essence of the art of teaching. Knowledge 
about the nature of the differences between researcher and teacher data 
collection and generalization can and need to be taught through example in 
videotape analysis sessions in preservice science education classrooms. 

Teachers in this study were distressed over the apparent conflict 
between what they "see" in a classroom and what researchers "see," The 
master teachers felt nonvalidated in terms of the researchers' data 
collecting processes, Joe, one of the master te^^rhers, expressed the 
consensus view as follows: "But you know^ the one thing that I miss here 
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(in this data collecting process) that is v^ry mch a part of my enjoynent 
in teaching science is, you have a kid and he's not in the lesson, I tnoan, 
nentally he nay look like he's finished; he's off exploring. F^ut , he 
really might be doing science, he night be really being involved. He may 
not write up his material ; it's hone or sonethinQ else*. But still, you 
know h^f inay be discovering things. And once in a while, you'll see bin artd 
he*ll say, *Hey, cone and look at this, ..see what 1 found!' And to ne, 
that is a very enjoyable thing in science teaching, {pause) And yet, he 
would have to he coded nonengaged." 

The inclusion of carefully designed dialogues anonfi student and naster 
teachers and professors can potentially denystify issues relating to 
research nethodology* In terns of applying clas^roon research, it is clear 
that this knowledge on the part of teachers is needed. Teachers in the 
study who v/ere confident in nakinfi decisions concerning the videotape 
classifications suddenly becane confused and anxious when faced with the 
prospect of actually using the instrunent with their student teacher in the 
cTassroOF:^. The naster teacher Lorin, for exanPle, v/as trying extrer:iely 
hard to figure out how to "correctly" select a sanple to use in the coding. 
Even though he v/as assured that he should pick students about whon he 
wanted nore infomation, the connon sense and confidence he displayed 
earlier in the evening was replaced by continual doubt, t3se of educational 
research tools by teachers needs to be explored in the context of 
preservice education to understand their linitations and practical 
advantages* 

At one point in the Conversation, when the ATB coding sheet was being 
described, the master teacher Vicki asked with regard to writing the 
running verbatin descriotion, "Do you do this for a certain period of titre 
like ten minutes and then stop and rest?" 

One of the researchers responded, "No, just go forty minutes or 
whatever. One of the naster/student teacher pair can teach and the other 
code." 

Vicki responded in all seriousness, "Well, 1 know what I'll choosel" 
All the teachers laughed in agreenent. The Conversation experinent 
F.trongly suggests that researchers and teachers take into account the 
differences in their worlds so that the valuable flow of ideas between the 
two will not be falsely judged because of niscommunication. Educational 
researchers snd teachers need each other. 

This experinent suggests that it is the constructs derived from 
research that nay be most useful to teachers. Analyses of the student 
teachers' open ended, self-structured observations of students and teachers 
six weeks after the structured Conversation indicate that these constructs 
can be learned and applied* In the student teachers* running classroon 
narratives written six weeks after their training in the use of ATB and ALT 
instruments, concepts like engaged or non-engaged, interim, accurate or 
inaccurate, and closure or maintenance appeared frequently. Observations 
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were organized in terms of tirne sanpling, Ilaster teachers onenV expressed 
a desire to use the constructs. Master teacher Vicki said during the 
conversation, "you knov/, 1 wish we'd kept that videotape fron our class 
when we did Jeopardy {a rrath activity garne her student teacher devised), I 
would like to see it again since we're actually looking at endagenent and 
non engagement." This suggests that the constructs have a usefulness for 
teachers. 



CONCLUSION 



Science education professors engage in the extreniely difficult task of 
assisting students in their transformation from novice to expert. The 
professional reality is that once the students become teachers^ isolation 
frotn direct work with colleagues dictates that continued Professional 
development becomes a do-it-yourself proposition. The year of preservice 
work TS an opportunity for students to ar*^:vely build an experiential 
knowledge repertoire* 

This study suggests that student teacherr> need to actively build a 
substantial base of concrete experiences to draw from before they can begin 
to think in ''teacherese/' As teachers, of course* they will build this 
knowledge repertoire on-the-job as they struggle to orchestrate and manage 
classroom uncertainties. However, if teacher educators can devise a neans 
for student teachers to begin construction of teacher-fratnes -of -reference 
during the preservice year* the transition from novice to expert will be 
enhanced during the initial years. 



70 



References 



Bowyer, J. B. A ^. Karplus. "Irrservice Staff Development: A Piagetian 
Model." California Journal of Teacher EclLJcation 5: (3), 48-54, 



Fisher, C. W., D. C Berliner, N. N. Filoy, R. Marliave, L. S. C^hen a 

M. M. Dishaw. "Teaching Behaviors, Academic Learning Tiir^e, and Student 
Achieverrent; An Overview." In C. Denham S A. Liebeniian (Eds.), Jine 
to Learn . Washington, DC; National Institute of Education, 1980. 

Good, T., D. Grouws A H. Ebmeier. Active Mathematics Teaching . New Vork; 
Longnan, Inc., 1983. 

Griffin, G. A., S* Barnes, R. Hughes Jr., S. O'Neal, M* E. Oefino, S. A. 
Edwards & H. Hukill. Clinical Preservice Teacher Education; Final 
Report of a Descriptive Study . Report Uo. 9025. Austin, TX; Research 
and Development Center for leacher Education, 1983. 

Schon, D. A. The Reflective Practitioner; How Professionals Think in 
Action, r^ew York; Basic Books, 1983. 



May 1978. 



71 




CHAPTER 4 



Innovation in the Preparation of 
Elementary School Teachers in Science 



Donald Oaugs 
Utah State University 



73 



B/VCKGROUMD iNFORflATIOfJ 



SODIA-Science is the science conponent of the SODIA Elementary 
Teachers Preparation Progran at Utah State University, The present progran 
has evolved since 1971 when initial efforts were made to develop an 
elementary teacher preparation model that [net the needs of students and had 
a sound basis in theory. The acronym SODIA fs derived from the initial 
letters of descriptive words (S^elf, Others, Discipline, implementation, and 
Associate Teaching), vjhich describe the emphasis placed at each Uvel of 
the program, 

SODIA-Science was one of seven programs recogni;!ed In the 1985 
National Science Teachers Association Search for Excellence in 
Sci ence-PreservT ce elementary Teacher Preparation Program, SODIA met all 
NSTA standards for excellence. In 1985^ SODIA-Science received a 
three-year lf,S, Department of Education grant under the Synthesis and Use 
of Research in Education Project, The purpose of this funding was to 
identify and document research-based approaches to improvement of teacher 
education. 

Science cov^iponent innovations include a strong science content 
foundation, pretesting with remediation, computer mediated instruction, 
flexible completion tfmes^ a convocation, and a strong practicurn. Students 
are pretested upon entry into the science methods course. Subcomponents of 
the Pretest include life, earth/space, and physical science content 
knowledge, science process skills, and science attitude, "tudents scoring 
less than B0% competency in any subcomponent must undertake remediation in 
that area. Remediation procedures are individualized and include video 
tapes with study guides, 

Practicum experiences are coordinated with computer-nediated 
curriculuTi resources. This procedure acquaints students with CMI 
technology and provides resources for teaching science in their practicum. 

This chapter documents the process by which SODIA-Science was 
developed and outlines the accompanying products of the process. 



PHILOSOPHICAL FOUnDATION 



The initial step in providing a foundation I'or a science methods 
course was a review of literature. This process provided an array of 
material that ranged frot!) being of interest to that judged of no value to 
this project. 

Initial searches included anything that might have related to ^n 
elementary science methods course. The mass of information was then 
reviewed for messages for curriculum improveinent. The section that follows 
briefly outlines some of the reviews and how they impacted the science 
tnethods course. 
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Researchers have long been dismayed by the apparent misconceptions 
about science he7d by students (Bady^ 1979; Cooley & Klopfer, 1963; flacKay^ 
1971; Mead ^ rietraux, 19S7; Rubha, Horner^ a Smithy 1981) as well as about 
the misconceptions possessed by science teachers (Carey & Stauss^ 1963, 
1970; Miller, 1963; Schmidt, 1967), It seems logical that improved student 
conceptions would necessarily follow if programs were designed to improve 
science teachers' conceptions of science* Such programs (e*g* BiUeh 
Kassan^ 1975; Carey & Stauss^ 1968, 1970; Welch & Ualberg, 1968) assumed 
that a teacher's classroom behavior is influenced by hi5/her conceptions of 
the nature of science and that a significant positive relationship, 
therefore^ exists between teachers' conceptions and changes in the 
conceptions of their students* However, research (Lederman^ 1983) has 
failed to support this intuitive notion. In addition, curricula 
specifically designed to promote irr^proved student conceptions of the nature 
of science have provided only liiT:ited success, 

A NSTA position statement (1983) recommended standards for the 
preparation and certification of elementary science teachers* fluch of the 
rationale for the stated MSTA standards is similar to the rationale for the 
USU methods course* The NSTA statement indicated that there is universal 
agreement that elementary teachers should have reasonable knowledge of 
science content* The first recommended standard reads as follows: 

All colleges and universities should require a minimum of 12 semester 
hours or 18 quarter hours of laboratory or field-oriented science 
including courses in each of these areas: biological science^ 
physical science and earth science* 

Griffiths (1976) ia studying college chemistry and physics students, 
determined that only about 30* were at the formal operations level. This 
finding compares favorably with work done by McKinnon and Renner (1971) in 
which they determined that only £5% of college freshtnen in their sample 
were already at the formal stage. Another study by lawson and Renner 
(1974) produced similar results* Elementary education majors may be 
functioning at an even lower percentage level (Lawson et al , 1975), 

A success-oriented science program miist accommodate student ability. 
Content and methods course students should have concrete experiences as 
dictated by the fact that most are not. at the formal operations stage. 
However^ success in science methods alone may not be sufficient to motivate 
students to teach science* Bandura (1977) has described a theory of 
"self-efficacy" which suggests that if a student attributes success to luck 
rather than to ability and effort, success may not lead to greater interest 
and effort 7n the future* Students should experience the tnethods course ii 
such a way that they can attribute their success to personal effort and 
abi lity. 

In an attempt to relate teaching behavior and classroom climate to 
students' conception of science, Lederman (1986) identified four variables 
as "generic" by virtue of their pervasive ifnportance with respect to 
conceptions of science. They were: 
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K The teachers/classes of the "high" group were typically more 
pleasant and supportive, 

2, The telling of anecdotes, use of humor, and instructional 
digression by teachers was more evident in the "high" group, 

3, The "high" group had dynamic teachers, 

4, The "high" group classes employed a variety of instructional 
media. 

Other variables Identified in the study may be considered prerequisite 
variables since they facilitate learning vjhen present. They include: 

K Frequent questioning, 

2, Questions of a higher cognitive level, 

3, A problem solving approach, 

4, Sequential probing of student responses, 

5, Relating subject matter to students' lives, 

6, AAA5 guidelines (AAAS^ 1970) indicate that courses should be 
related to the science the students will eventually teach. 

The above factors speak for a sound foundation in science that is 
taught in other than the traditional lecture approach. Coupled with this^ 
in 1980-31 J there was a general consensus that elementary teachers had a 
very poor background in science. Locally^ less than half the elementary 
teachers were teaching any science. Host had little or no science content 
background and although graduation requirements specified 19 quarter hours 
of science^ the courses were not specified. Nature study was as acceptable 
as biology^ and astronomy was as acceptable as introductory physics. 

It is almost self-evident that what interests one person may not 
interest another (Cronbach and Snow^ 1977), The case for a partially 
individualized approach to teaching may be based on the following 
assumptions: 

1, A stimulating environtnent with an enthusiastic teacher is 
prerequisite to learning, 

2- If given a choice, students will avoid unpleasant experiences 
and choose pleasant ones. 
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Piper (1977a) identified four science methods course characteristics 
considered important by preservice elementary teachers. They were: (l) 
competencies to be mastere^l in the course were publicly stated; [2) the 
instructors modeled the behaviors which preservice elementary teachers were 
expected to demonstrate; (3) campus activities were planned to assist 
p.reservice elementary teachers in having successful field experiences; and 
(4) instructors provided personalized feedback fol 1 owi ng f i el d experiences. 

Piper (1977b), in another study of science methods courses^ also found 
that stated competencies and field experiences were ways to produce more 
positive student attitudes toward science. 

Katona (1940) identified the strategy of "learning by help/' This 
process focused on principles that must be considered in solving problems, 
Whipibey (1977) indicated that when the instructor "thinks aloud" to 
facilitate student understanding of strategies, errors in student thinking 
will becone more evident. The above components contribute to a philosophy 
best exemplified in the "helping relationship" approach- 

The essence of the "helpig relationship" approach is that a learning 
experience should be a joint enterprise of students and teachers attempting 
to identify and practice ways of relating to each other as real persons in 
a creative setting (Rogers^ 1961, 1963a, 1963b; Faw^ 1949, 1957), The 
basic ingredient in the "helping relationship" approach is people- 
Various strategies for problem solving my be utilized in the "helping 
relationship" situation. Affective considerations include: 

1- The student must desire solution- 
s' The student must feel he/she has the ability to solve the problem- 
3, The student must desire to begin an attack on the problem- 
Working in small groups definitely facilitates problem solving (Suydam 
and Weaver, 1977). These components of research on problem solving can 
justifiably be applied to the science methods course, with the criterion 
for application: does the component help create an environment conducive 
to problem solving? Studies by Brownell (1942), riaier (1970), Simon 
(1976), and Wheatley (1977) have contributed to structuring problem-solving 
situations in the methods course. 

The logic of a curriculum framework consisting of goals and objectives 
may never be perceived by the student (Ausubel, 1963), However^ research 
suggests that students need to know what is expected of then (Baker, 1969; 
Duchastel S Merrill, 1973; Gleit & Elington, 1978; Keron^ 1971; Kibler et 
al., 1970), The more freedom students have in the learning process, the 
more important objectives are in facilitating learning. These factors 
suggest that there is merit fn providing the student with objectives and an 
explanation of the Process involved in achieving the objectives, 
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COLLABORATIVE EFFORTS 



The SODIA program has a tradition of collaboration extending back to 
ig7l when the Utah State Office of Education, teachers and administrators 
from three local school districts, and Utah State University facuUy of 
education formulated the initial prograr-i* This process has been expanded 
to form the Teacher Effectiveness Project (TEP), funded by the Mellon 
Foundation and directed through the College of Education* Components of 
the project include the Northern Utah Curriculum Consortium, Edith Bowen 
Elementary Teacher Education Laboratory School, and the Utah State Office 
of Education* The Consortium consists of 11 educational institutions, A 
major goal of TEP was to assist school districts and teacher preparation 
institutions in enhancing the effectiveness and retention of beginning 
teachers- 
Preliminary collaborative SODIA-Science efforts were initiated in 
June, 1983, when an informal discussion of the status of elementary science 
teaching was carried out among science and education faculty* This group 
evolved into a more formally constituted Advisory Committee in June, 1984, 
and was further expanded in June, 1985, to include the Dean of the College 
of Education, the Dean of the College of Science, Heads of the Elementary 
Education, Chemistry, Physics, Geology, and Biology Departments, four 
science facuUy, an education faculty, IZ public school teachers and 
administrators, and four students. This group is now functioning as a 
voluntary, unpaid advisory group and meets twice a year to review the 
Program* 

The first official act of the advisory group was to examine the review 
of literature provided by the project director and select those items that 
seemed to say something about what to do to improve elementary science 
teachers* education* The process was not scientific, but rather was a 
humane, give-and-take process that resulted in agreed-uPon principles for 
course improvement* The end product does not reflect the many hours of 
discussion that v^^ere required to reach consensus* 



INITIAL ADVISORY COMMITTEE OUTCOMES 



Prior to 1981, both students and faculty consistently reported that 
the term in which methods courses were offered was "heavy*" The tern 
consisted of a block of five, three-credit methods courses and a 
three-credit practicum. The practicuiTi required a half day in the 
classroom* 

Over the years, various concessions were made to accommodate a 
reasonable balance between methods course requirements and practicum 
experiences. The most visible accommodation was a reduction in the number 
of contact hours devoted to the 15 credits of methods courses* This 
reduction was justified On the basis that students experience a major 
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component of methods experience in the accompanying pra:tTCi/n, In the case 
of science, this was not a valid assertion. Contact hoi;rs were reduced 
from 30 to 21 hours. However, students reported not being able to teach 
any science in their practicum dae to peculiarities of classrooms to which 
they were assigned. There was a general feeling among students that they 
needed morfi science experience. 

To compensate for perceived science contact hour deficiencies, the 
classroom time for the science cotirse was then reexpanded to more nearly 
match that of an on-campus, three-Credit course. Even with the increased 
time, students consistently indicated they wanted more time in science 
methods and evaluated the science methods course highly. 

The Advisory Committee recomrr&nded that the sci&nce nvetliods course be 
made prerequisite to the methods course block and that it be expanded from 
a three-credit to a five-credit course. It was decided that this would 
provide an intermediate step in classroom exposure prior to a half-day 
practicum and would satisfy the students' desire for more science. It 
would also alleviate the load pressure in Level IIK 

General national and state concerns (National Science Board, 1983; 
Milne, 1983; Daugs, 1983} about the science competencies of elementary 
teachers v^ras discussed by the Advisory Comn]itte& at much length. Included 
in the discussions were the recommendations of the National Science 
Teachers Associ;:tion (HSTA, 1983), 

Early research (Beryy*>ssa, 1959; Lamors, 1949; Lerrer, 1957; Rutledge, 
1957; Wishart, 1961) revealed positive correlation betw&en science 
background and various teaching corripetencies. More recently, research 
indicates (De Rose, 1979; flitch, 1979) that I'lany elementary teachers feel 
unqualified to teach science becairse of their poor science content 
background. 

Although there appears to be almost universal agreement that 
elementary school teachers should have a good science foundation, few 
colleges and universities have vnatched research findings with content 
offerings. Many science educators (Blosser, 1969; McOermott, 1976; Rowe, 
1978; Suchman, 1976; Victory, 1974) also b&lleve that process-oriented 
elementary teachers should be knowl &dgeabl e about the concepts and 
conceptual schemes that emerge as science inquiry progresses. Only 
one-third of the institutions surveyed by Stedtnan (1982) desiqn their 
science content courses to meet the needs of elementary teachers, AAAS 
guidelines (AAAS, 1970) indicate that there should he a natch between 
science topics that are taught to teachers and the science topics that are 
taught to children. 

The Advisory Group recommended that the general education requirements 
for elementary teachers be revir^ed to include Biology 101 (5 cr,). 
Chemistry 101 (5 cr,), Geology 101 (5 cr,), and Physics 1^0 (5 cr,). In 
addition, these courses should be modified to include all of the topics 
covered in the elenentary science Utah Core Curriculum (1983), 
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They further recommended that the expansion of the science methods 
course from a throe-credTt course to a five-credit course include a major 
science^ technologyj and society component. This recommendation was based 
upon the summary of Pfel (1981) and a general feeling that STS courses on a 
state and national level would influence the elementary curriculum of the 
future. 



STUnSLlNG BLOCKS 



The transition to the new program went amazingly smoothly. 
Departmental approval and acceptance involved discussion^ but no conflict. 
The proposed changes were approved by the Council on Teacher Education 
after a written and 30-minute oral presentation. Students have questionedj 
but acceptedj the content requirements. The only InUial stumbling block 
was student advisory response. 

All stuv^'^ints in the elementary teacher program are assigned to a 
full-time advisor. For some reason, there was a tendency to be apologetic 
for the Increased science requi rements < As a result» many students avoided 
prerequisitesj slipped by on the old program, or reflected the reservations 
of the advisors. It took about two years to remedy this situation, but the 
new program is now totally functional with the advTsIng considered a major 
strength of the total program. 



PLANNING METHODOLOGY 



A Discrepancy Evaluation Kodel (DEM) was used in planning the overall 
design of the science methods course (Vavorsky, 1976), OEM design 
constitutes a structured description of the program, with information 
organized so that It can be used as an operational map of the program. The 
design includes: what is gofng to happen (act7vit1es--orocess)j what 
should result 1f the activities are carried out {objectives— outcomes), and 
what Is needed to carry out the activities (resources--input)< Evaluation 
questions and sources of data categories were added to the basic DEH model. 

In discrepancy evaluationj performance is compared to a standard, A 
program design serves as the formal representation of that standard and is 
to be stated to a form which makes standards readily subject to evaluation. 
If organized properly, the program design should facHltate clarification 
of program goals and facilitate the total planning process. 



(1ETH0DS COURSE FRAMEWORK 



The methods course is organized around ten basic components as 
illustrated in figure 1* In the section that follows, each component is 
outlined by program goal, topic, state objectivej and an IPO framework. 
Each component is discussed at some length < 
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Science, Society 
and Technology 
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4,0 



Rernediation 

3,0 



Teach i ng 




State Core 




Exempla ry 


Strategies 




Cur riculun 




T^ateri al s 


5,0 




5,0 








1 
1 






Practicum 




Convocation 




S,0 




9,0 



Posttest 



10,0 



Figure 1, El Ed 40], Science Methods (5 credits) Component Flow Chart 



Program goal 1,0 To provide an overview and outline of course requirements 
and procedures- 



Topic 1,1 Course Outline 
Objective: The student should be familiar with coi^rse coi^Ponents. 



I riPUTS 
Students 



Printed course 
outline 



PROCESS 
The instructor provides a 
verbal and written descTTption 
of the coLjrse, 



OUTPUTS 
Students wil 1 have an 
understanding of course 
goalsj objectives^ and 
Procedures, 



Classroon to seat 

50 Tiine: 30 ji^inutes 



EVALUATION QUESTIONS 
How wel 1 do students 
understand course 
requi renents? 



SOURCES OF DATA 
Course evaluation forms 
Inst ructor-stiident 
discussions 



Topic l.Z Requirements and Grading 

Objectives: The st-Jdent should be aware of course requirements and options 
for achieving them. 



The student should understand grading procedures. 



I NPUTS 
Students 



Printed course 
requirements 

Ins tructor 



PROCESS 
The instructor provides a 
verbal and v;ritten explanation 
of course requirements and 
grading procedures. 



Time: 15 mi nutes 



EVALUATION QUESTIONS 
How wel 1 do students 
understand grading 
procedures & course 
requirements? A] e 
students aware of 
options for achieving 
course requirements? 



OUTPUTS 
Students wHl be aware 
of course requirements 
and options for 
achieving them. 

Students will understand 
grading procedures for 
all components of the 
course. 

source: of DATA 



Course evaluation forms 
Instructor discussion and 
observation of student 
behavior 

Aid discussions with 
students 
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DISCUSSION 



This component Wcis designed to inform the student of course 
requirements and what was going to happen in the course. It v/as inferred 
from research findings that a high anxiety level generally acconpanies poor 
Student performance (Gandry fi Spielberger, 1971), The general purpose of 
topics Under Goal 1 is to alleviate anxiety by providing an understanding 
of what will be required in the course, Kar^well (ig68) suggested that 
building student trust may reduce anxiety and promote better student 
teaching. Trust is increased when there is a com^non understanding of 
events and expectations* Therefore* it is desirable at the outset of the 
course that students be aware of what will be involved in the course, 

McCaulley (1968) studied the distribution of the various learning 
"types" among students and teachers at various school levels. He found 
that there were three areas of preference: 

K Those who Prefer to learn by direct immersion in activities^ 
followed by a period of more abstract review, 

3, Those who preferred to be given a picture of the place of the 
activity in the whole, 

3, Those who preferred to go off in unexpected directions. 

One of the major purposes of the course outline is to show that all three 
of the above options are a part of tlie course. 

As the course was inplenented^ total time for this topic was increased 
to the levels stated above. Student course evaluations continue to rate 
both topic Ul and l,Z highly. Instructors refer regularly to course 
components and IPOs during the ter^n, reinforcing the initial exposure to 
the course outline. 

The reward system^ as demonstrated most openly by grades, is perhaps 
the greatest source of anxiety and greatest mediator of attitude, Evans 
(1976) concluded that grading does not fulfill its purported functions and 
can produce undesirable jnotivational effects. The negative effects of 
external rewards were well described by Deci (1975), Graoing is 
particularly sensitive in the instance of the science methods course in 
that the grading philosophy of the course is not that of the department* 
College and departmental policy is that each course have as a grade goal an 
average GPA of 3*0, 

Justification for alternatives to the externally imposed GPA goal of 
3*0 is not easily documented, Simon and Bellanca (196S) reviewed grading 
practices. The basic issues revolve around normative concerns versus 
developiniental concerns. If tlrie research abo.jt cognitive development is 
taken into accounts it can be concluded that grading practices based iJpon 
individual development, rather than those which judge students in 
comparison to one another^ would be nore appropriate. Students should be 
given tJ:e grade they earn. 
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It was considered important that the grading procedure be consistent 
with the philosophy of meeting ind1\fidual needs through individualized 
curriculum* riutual understanding of course goals, application of 
evaluation processes and instruments consistent with goals, and 
student/teacher discussion of grading policy should reduce some of the 
undesirable effects of grading (Robinson, 1979), 

Grading is on a point system with a total of 290 points possible for 
the various course conponents. The basic grading philosophy is that all 
students should be able to attain the highest possible grade. Students 
should only be tested on things taught in the course. Participation^ 
including attendance and tardiness^ are part of the professional behavior 
and could be included as part of the final grade, Sone components of the 
course are repeatable allowing full credit for those experiences. There is 
no larget fiPA for the course. However, the following general guidelines 
apply: 

A - Clearly demonstrates excellence in all aspects of performance, 

8 - Good to excellent Performance in nearly all aspects of the course 
requlrenents. Clearly above minijrium perforniance, 

C " The jTiinimujTi level of performance acceptable for teaching in the 
elementary classroom. This does not carry the connotation of 
average, but rather acceptable performance in every respect, 

D - Less than acceptable performance, A student operating at this 
level should take additional time to improve level of performance 
or drop, 

F - Totally unacceptable performance. 
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Program Goal 2,0 To provide a means of determining student level of 
scientific 1 iter£*cy. 



Topic 2,1 Content Assessment 



Objective; 



INPUTS 



The student will achieve a score of at least 80f> in each of 
three (life sciencej earth science^ and physical science) 
content area assessments. 



Students 
Pretests 
I nstructor 



PR OCESS 

Students wi 1 1 be adni nistered 
a paper and pencil pretest 
during a scheduled class tine, 

TifTie; 30 T^iinutes 



EVALUATIOH QUESTIONS 
How wel 1 does the 
testing procedure 
operate? Has the 
pretest been validated? 
What is the reliability 
of the pretest? Are the 
prerequ: site courses 
properly preparing 
the students? 

Topic 2,2 Science Process Skills Assessment 



OUTPUTS 
Identification of those 
students performing dt 
less than 80^. level. 



SOURCES OF DATA 
Instructor feedback 
Coi^rse evaluations 
Val idation process 
Test data 

Advisory Committee 



Objective; 



INPUTS 



The student will achieve a score of at least 80?; on a 
comprehensive science process skill assessnient. 



Students 
Pretests 



PROCESS 

Students will be administered 
a paper and pencil pretest 
during a scheduled class time, 

TifTie: 35 minutes 



EVALUATION 0UE5T10NS 
How wel 1 does the 
testing procedure 
operate? Has the 
pretest been validated? 
What is the rel 1abil i ty 
of the pretest? Are the 
prerequisite courses 
properly preparing 
the students? 



OUTPUTS 
Identification of thosf? 
students performing at 
less than the 30^ level. 



SOURCES OF DATA 
Instructor feedback 
Val idation process 
Test data 

Advisory committee 
Student interviews 
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Progratn Goal 2.0 CONTINUED, 



Topic 2,3 Science Attitude Assessment 

Objective; The student will attain a score of at lea?;t 80% on an attitude 
toward science assessnert* 



INPUTS PROCESS 
Students Students will be administered 

a paper and pencil pretest 
Pretests during a scheduled class time. 



OUTPUTS 
Identification of those 
students performing at 
less than the 80^ level 



Time; 10 mi nutes 



EVALUATION QUESTIONS 
How well does the 
testi ng procedure 
operate? Does this 
component achi eve 
desired goals? 



SOURCES OF DATA 
Test data 

Student i ntervi ews 
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DISCUSSION 



The original irrtent was that pretesting would be a computer-tTiedia* .d 
process, with student testing done independent of class time. Though the 
pretests are now available for computer use, the approach has remained to 
administer the pretest as a group paper and pencil test during one of the 
early class sessions. Testing requires one hour and correcting and posting 
subscores requires an additional tvjo hours of faculty time. Course 
evaluations have rated the present procedure highly- 

The pretest vfas modeled after the British Columbia Science Assessment 
(Taylor, 1932), The pretest consists of five subparts: life, earth, and 
physical science content, science process skills, and attitude toward 
science* Validity considerations are covered in the 1982 British Columbia 
report* Content validity was determined by having approximately 175 
elementary teachers* who had been trained as elementary science 
teacher-leaders, review Potential items and eliminate any that they felt 
were not appropriate for elonentary teachers. Test items were also 
conpared with the standards and objectives stated in the Utah Core 
Curriculun (1987), All test itens had comparable core components, 
Therefore, it was inferred that the pretest covered topics appropriate for 
Utah elementary teachers, 

The SOr. conPetency level on pretests was set arbitrarily. In all 
literature reviewed by Robinson (1979), the criterion of "minimum 
competency leveT' was, in the final analysis, arbitrary* The concept of 
minimum competency is in tune with Utah State Office of Education policy on 
Core Curriculum standards for all students, Tn correlating the 
preassessment with the State Elementary Science Core (1934), an attempt was 
tnade to realistically base all teacher competencies on a foundation of 
skills and knowledges found in the core. Thus, the minimum expectation for 
Prospective teachers is that they have the performance level expected of 
their students. This approach rests on the assumption that minimal levels 
can be specified (Glass, 1976), Much controversy has existed over the 
issue of ability to measure competency levels. For t'le purpose of this 
course, performance levels are indicators based upon stated educational 
objectives* 

The pretest was adnii ni stered to (nethods course students over the past 
two years. These subjects included both students in a previous science 
methods course and in the present science methods course. Data from fall 
and winter terms j 1987, were used to identify faulty test items and to 
assess item effectiveness* A reliability coefficient was determined for 
the entire pretest by using scores fron subjects that had been administered 
the Pretest over a period of two years (N=£49) using the Livingston 
cri terion--referenced adjustment of Kuder-Richardson 20 with KR20=,84 and 
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Data were also collected on whether prerequisite science courses had 
been taken* Coasistently, those who had not had the prerequisite science 
courses did not pass the comparable component of the pretest* At present » 
of those who do not pass a component of the pretest, about 10% have had the 
prerequisite course; of these^ nearly all have received a grade of less 
than C» elected for pass/fail, or are transfer students who have not had a 
truly comparable course. The other 90^ of those not passing the pretest 
have not had the prerequisite science courses* These students operate 
under the hope that a waiver policy allowing a challenge of the content 
course requirement can be achieved by passing the pretest* 

Ko statistically significant correlation between the skills component 
of the test and the number of lab courses taken has been determined. 
Interviews revealed that tnany students had good lab experiences fn high 
school * 

The attitude toward the science section was designed to yield 
consistently high scores* The hidden assumption in the process was that if 
a student scores poorly on content or on skHls and had a high attitude 
score» the person might be more willing to cope with remediation* 
Counseling sessions have tended to confirm this assumption. The high 
attitude scores tend to produce a sense of ability to cope with science* 
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Program Goal 3.0 To facilitate, in a variety of ways, remediation 
deficiencies identified in pretest procedures. 



Topic 3,1 Content Deficiencies 



Objective: The student who is below criterion level {B0%) In any of the 
three content areas (life science, earth science, physical 
science) wil 1 : 



A, Audit an existing course, or utilize a computer-mediated 
instruction program, or utilise a video-study guide* or 
arrange an individualized remedial program to improve 
competencies the appropriate content area, 

B, Retest until the 80% competency level is attained. 



INPUTS 
Students with 
content pretest 
scores of less 
than 80% 
Instructor 

Remediation 
resources 



PROCESS 

The student with deficiencies 
wil 1 elect one or more 
strategies to improve science 
content* Students must 
achieve 80^ level of competency 
on a retest. 

Time: Variable 



OUTPUTS 
Student performance of 
least 80% competency 
level in all science 
cotitent areas , 



at 



EVALUATION QUESTIONS SOURCES OF DATA 

Do remediation procedures Student Interviews 

provide adequate content? Test scores 

Are remediation procedures Course evaluations 

reasonable with respect to 

time required? Are retests 

valid and reliable? l/hat 

does the remediation 

process really do? 



Topic 3,2 Science Process Skill Deficiencies 



Objective: The student who is below criterion level (80%) on the science 
process skills subsection of the pretest will attend 
Instructor-guided remediation sessions. 



INPUTS 
Students wi th 
process skill 
scores of less 
than B0% 

Instructor 



PROCESS 

All students will participate 
in an instructor guided 
demonstration of science 
process skills* Students will 
also be provided self-study 
process skill guides. 



OUTPUTS 
Student performance of at 
80% level of competency 
on midterm exam process 
skill test items. 



Lecture-Lab room 
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Program Goal 3*0 CONTINUED- 



Topic 3-2 CONTINUED-,. 



INPUTS 
Self-study gul de 

Skill materials 



PROCESS 



Time: Variable 



EVALUATION QUESTIONS 
Do remediation procedures 
provide adequate exposure 
to science process skills? 
What is student response 
to remediation procedures? 
What does the remediation 
process really do? 



OUTPUTS 



SOURCES OF DATA 
Student interviews 
Test scores 



Topic 3.3 Attitude Toward Science 

Objective: The student who is below criterion level (80%) on the attitude 
sijbsection of the pretest will discuss, on a one-to-one basis 
with the instructor, possible implications of attitude toward 
science on future science teaching- 



I NPUTS PROCESS 
All Students All students meet with the 

instructor to discuss 
Instructor influence of attitude on 

science teaching. VJhere 
Test scores appropriate, the instructor 

and/or student will initiate 

remediation plans and 

procedures. 

Time: Variable 

EVALUATION QUESTIONS 

Are remediation procedures 

achieving stated and hidden 

goals? 



OUTPUTS 
Students with a positive 
attitude toward science 
teaching- Some students 
may plan and carry out 
attitude improvement 
strategies 



SOURCES OF DATA 
Student intervie^vs 
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The remediation of deficiencies identified in pretesting was 
Considered critical in progress in the course. The foundation of a conmon 
core of knowledge and skills was set as a prerequisite to progress in the 
course. Students not performing at acceptable Novels on the preassessment 
(Hust select and carry out appropriate remediation, 

Work by Thompson (1980) and Kelley (1973) formed a basis for 
justifying an individualized coinponent to the methods course, Mott (1980) 
summarized the merits of initial i nvestitients of development time to develop 
individualized programs as related to student performance and attitudes. 

Consistent with the concept of individualization of the curriculum, 
alternative modes of remediation wore developed. For each content area, 
these alternatives include: 

1, Enroll in or audit existing courses; 

2, Utilize a computer-mediated instructional program; 

3, Arranqe an individualized remedial program with a faculty member; 

4, Propose some other alternative approach. 

The primary responsibility for remediation rests with the student. 
The course instructor is a facilitator in the spirit of the "helping 
relationship/' 

In general, the approach to remediation has been judged acceptable. 
Although students with deficiencies have all elected to use the video-study 
guide approach to remediation, alternative approaches have also been 
retained as options. The remediation Process does not give the student a 
profound background in a science content area, but does demonstrate student 
ability to learn the content required to teach elementary grade level 
science. 

All but one student rer^uiring remediation have completed the process 
in the term they were first registered for the course. This one person 
elected to take more time due to a pregnancy, but never did complete the 
remediation, 

Remediated test items uere written to snatch study guide content, but 
have not been validated. 

Student interviews revealed that many students who had passed the 
pretests felt they were missing something. Thus, many students elected to 
view the reme^.iation tapes on their own. 
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The Process skills subtest revealed that many students scoring well on 
the pretest often could perform the skill, but did not know what the skill 
was. For example, they could classify objects but did not know that this 
process was called classifying. Because of thTS» all students were invited 
to attend the skills remediation sessions and all studf^nts vjere provided a 
skills study guide. This approach resulted in nearly 100% success on 
process skills items on the mid-term exam. 

The combination of high performance on tlie pretest and very high 
performance on mid-term exams indicated that students had mastered science 
process skills at an acceptable level. Midterm and final exans are revised 
each term, so standardized test data will not be available. 

The attitude subtest was designed to be a saccess-oriented component, 
the assumption being that if a student was told they had a good or 
excellent attitude toward science, the person would be more willing to cope 
with possible content or skills deficiencies. Interviews and counseling 
sessions have confirmed the above assumption. 

The Influence of science anxiety on attitude is an area that needs 
fFjrther research, Tt is felt that the ^nethods course is doing a great job 
of alleviating these anxieties, but this has not been documented. 
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Final Form for Component 4,0 



Program Goal 4,0 To provide a basic understanding of science-technology- 
society interactions. 



Topic 4,1 Introduction to STS 



Objectives; 1. 



INPUTS 



The student will define, compare and contrast science, 
technology, and society. 

The student will appreciate how scienc*^ and technology 
conf^ibute to new knowledge. 



Students 

Classroom 

Video facilities 

Video; TIt^ 
Sjgarch fo r 
Splutjons , 
"Si tuation'^ 



PROCESS 

A video presentation will be 
used in conjunction with 
handouts and discussion to 
introduce the concept of STS, 
Emphasis will be placed on how 
science and technology interact 
to produce new knowledge and 
new problems. 



OUTPUTS 
Students will be able to 
differentiate between 
science, technology, and 
society. 

Students will appreciate 
the role science and 
technology play in 
generating and solving 
problems , 



Instructor 
Handouts 



Time; 1-1/2 hours 



EVAIUATIOK QUESTIONS 
How wei 1 are course 
objectives bei ng 
achieved? Do the 
procedures prepare 
students for 
components 4,2 and 
4,3? 



SOURCES OF DATA 
Test scores 
Course evaluations 
Student fntervie^vs 



Topic 4,2 Impacts of Society 



Objectives; U 



INPUTS 



Students 
Classroom 



The student will examine past and present examples of the 
impact science and technology have had on society, 
economic growth, and the political process* 
The student will infer broad perspectives on the 
interrelationships anong science, technology, and society. 



Video facilities interactions. 

Video; The Search 
for Solution s, 
"InformatlorT" 



PROCESS 

A video presentation will be 
used in conjunction with 
handouts and discussion to 
develop the concept of STS 



OUTPUTS 

Students will appreciate 

the impact of science and 

technology on society. 

Students will infer the 
need for a broad 
perspective when 
considering STS issues. 
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Program Goal 4,0 CONTINUED,,. 



Topic 4,2 CONTINUED,,, 
INPUTS 



PROCESS 



OUTPUTS 



Instructor 
Handouts 



Tfrne: 1-1/2 hours 



EVALUATION QUESTIONS 
How wel 1 are course 
objecti ves bei n9 
achieved? Do the 
procedures prepare 
students for Component 
#3? 

Topic 4,3 Practical Applications 



SOURCES OF DATA 
Test scores 
Course evaluations 
Student interviews 



Objecti ves: 1, 



a. 



INPUTS 



Students 

Science faculty 

Various 

equipment 



The student wITI examine SIS issues that have personal 
relevance and that can be subjecte^^ to scientific Inquiry 
The student wHl conduct an STS investigation, 

PROCESS OUTPUTS 

Students v/i 11 have an 
increased STS awareness- 
Students wil 1 better 
relate STS issues to 
self. 



Students wi 1 1 work 
cooperatively in small groups 
with a science faculty person. 
Emphasis will be on solving 
STS-relat^»d problems, using 
the Processes of science. 
Each student or group of 
students will carry out an 
STS investigation. 

Tinie: 9 hours 



EVALUATION QUESTIONS 
How well are course objectives 
being met? How effective is the 
use 0^ science faculty to teach 
this component? 



Students will conclude 
that STS issues lend 
themselves to scientific 
solution. 

Students will carry out 
personal investi gati on. 

SOURCES OF DATA 
Test data 

Course evaluations 
Instructor interviews 
Advisory Committee 
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Discussion 



On the basis of course evaluations, it ^vas concluded that students are 
adequately introduced to the concepts of STS in the first two *iess1ons. 
Performance was nore at the appreciation level than at a profound 
comprehension level. The videos used and assiqnnents given provide a broad 
background and an introductory hands-on experience. 

The real strength of the STS component lies in utilizing 4-5 science 
faculty as teachers for component 4,3, The class is divided into small 
groups and assigned to an outstanding scientist for about nine hours of 
interaction. During this tirie, each professor creates an STS-related 
science experience for the group. This experience gives the student 
exposure to the best of science, the best of science faculty, and an 
opportunity to experience first-hand a STS-related investigation. 

The College of Science fully supports this concept and cooperating 
faculty, good for beyond the call of duty to serve the education students. 
This collaborative effort is one of the true highlights of the program. 
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Program 5*0 To provide background on the origin and requirements of the 
Utah Elementary Science Core, 



Topic 5,1 Elementary Science Core Overview 



Objective: The student will utilize the Utah Core Curriculuin and the 
Elementary Science Resource Guide examples of conPuter- 
nanaged curriciilum. 



INPUTS 
Students 

Instructor 

Lab school 
principal 

State Science 

Core 
E 1 ementa ry 

Science 
Conputer 

facili ties 



PROCESS 
The Utah Elementary Science 
Core will be introduced in 
a lecture-discussion session. 
This will then be tied to a 
conputer-medi ated curriculun 
resource which includes the 
Elementary Science Resource 
Guirfe, 



Time: 1-1/2 hours 



EVALUATION QUESTIONS 
Are students able to use 
the technology? Does the 
process adequately introduce 
the Utah Core Curriculum 
and the Elementary Science 
Resource Guide? Do students 
use the resources on their 
own? How wel 1 does the 
process relate to the Edith 
Bowen Lab School Project 
TINMAK objectives? 



OUTPUTS 
Students will understand 
the relationships between 
the State Elementary 
Science Core and the 
Elementary Science 
Resource Guide, 

Students will utilize a 
cofnputer -managed curri- 
culum process to obtain 
science teachir^g 
resources. 



SOURCES OF DATA 
Course evaluations 
Test data 

Student interviews 
Lab school principal 
i ntervi ews 
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DISCUSSION 



Classroon] experiences in the science methods course are organized to 
familiarize the student vJith a variety of curriculun components, including 
the Utah Core Curriculum, hierarchial arrangement of standards and 
objectives, comPuter-nedi ated curriculum nanagenent, Ecience lesson plans, 
textbook correlation, integration of the total elementary curriculum 
extensions, and qifted and talented applications. The Utah State Core 
consists of a set of standards and objectives^ arranged by grade level. 
This framework has been keyed to a numbering system and expanded into a 
computer-mediated curriculum retrieval system called the Utah Elementary 
Science Resources Guide , 

There is no research justification for inclusion of the Guide in the 
new methods course* The decision was pragmatic in that it was thought that 
the guide would be a good introduction to computer-nanagcd curriculum and 
would serve as an introduction to the Utah Core Curriculum- 

The Utah Elementary Science Resource Guide consists of curriculum 
materials organized in a prescribed format and available on Apple II 
compatible diskettes* The resources are all keyed to Utah Elementary 
Science Core standards and objectives. For each <;tanddrd and objective, 
the guide supplies the following: 

1- a statetnent of the standard and objective; 

2, appr^^priate vocabulary keyed to World Book Encyclopedia to give 
content background for the teacher and/or subject; 

3, one or more basic lesson plans that can be used by the teacher to 
achieve the stated objective; 

4- a listing of a variety of textbook sources that treat the same 
topic; 

5* suggestions for correlation with the rest of the curriculum, e.g. 
ties to mathj reading, and language arts; 

6, suggestions for extensions and gifted and talented activities* 

This component was an innovative success- Student response has been 
very positive, as evidenced by course evaluations, and student performance 
on related exam items has been excellent- 

The component is nov/ team taught by the Edith Bowen Lab School 
principal and the course instructor. The inclusion of the principal was 
made to provide an introduction to Project TINKAN, a computer-mediated 
curriculun management system utilized in the lab school in which methods 
course students do their practicum- The inclusion of the total management 
system expanded the original intent of using the computer as a resource for 
science curriculum materials to a more relevant total picture. 
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Tho usG of conputer-nediated vifleoiiisc was also added to the 
presentat iOHi 

Over half the students reported using the above described resource 
during their practicjn. JJo student has reported negative feeHngs abojt 
this component* 
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Program Goal 6.0 To apply teaching principlos, skills, ^nd methods 
to teaching elementally science. 



Topic 8A Scientific Literacy 



Objectives: 



INPUTS 
Sturients 



The stu<1ent wtH define scientific literacy, apply the concept 
to classroom Situations^ ^nd idf^ntify or fif?vise means of 
assessing student levels of scientific literacy. 



PROCESS 



The concept of scientific 
literacy will he introduced 
Instructor in a lecture-discussion 

sessi on. 

Various curriculum 

materials Various curriculun materials 
and handouts will he used to 
Test item assist in developing 

developnient asst^ssnent itens, 

handout 



Tine: 1.-1/2 hotJrs 



EVALUATION QUESTIONS 
How wel 1 do students 
achieve objectives? 
Does the process^ as 
defined* piatch what 
happens in the 
classroom? 

Topic 6.2 Historical Perspective 
Object Tve; 



OUTPUTS 
Students wi 1 1 def i ne 
scientific literacy* 

Students will recognise 
exanples of lessons that 
develop comprehensive 
application and attitude 
components of scientific 
li teracy< 

Students wi 1 1 identify 
and devTse assessment 
items that measure the 
components of scientific 
literacy- 

SOURCES OF DATA 
Course evaluations 
Test data 
Intervi ews 



The student will demonstrate a basic understanding of the 
developnent and characteristics of elementary science 
Curricula over tipie* 



INPUTS 
Students 

1 nst ructor 



Samples of: 
Health Science , 
Silver Bur dette 
TTTTTOsTT^ 

HIE* 

Time: 

EVALUATION QUESTIONS 
How well do students 
achieve the objectives? 



Process 

The instructor will provide 
historical background on the 
evolution of elementary 
science? curricula. Sample 
materials illustrating various 
approaches to teaching 
elementary science will be 
made avail able. 



1-1/2 hours 



OUTPUTS 
The student will identify 
and describe examples of 
four generations of 
elementary science 
curri cul^^ 

The student will identify 
strengths ^>nd weaknesses 
of various vilementary 
science curricula. 
SOURCES OF D^^ TA 
Midterm and final exams. 
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Program Goal 6,0 COmTINUEO,,, 



Topic 6,3 Kul tidi scipl inary 



Objective: 



The student will investigate potential for integr<3ting 
elementary science with the total elementary curriculum. 



PROCESS 



Students 
1 nstructor 



The instructor will nodel a 
number of examPles of tying 
science to other parts of 
the curriculum. 

Elementary Science 

Resource Guide Resources wiU be shared that 
exemplify integration of 

ESSP science with other subject 

areas , 

PLT, 

Time: 1-1/2 hours 

EVALUATION QUESTIONS 
How well do students achieve 
objectives? Are there any 
problems in the delivery 
system? Does *^^he process as 
stated match what happens in 
the classroom? 



OUTPUTS 
Students wi 1 1 rel ate 
science objectives to 
other Subject areas, 

Students wi 11 apply 
principles learned 
this compooent to 
practicum and/or 
convocation experiences. 



SOURCES OF DATA 

Test data 

Course eval uat i on 
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Program Goal 6.0 CONTINUED... 



Topic 6.4 Laboratory Techniques and Equipment 



Objective: The student will denonstrat^ famiHarUy with laboratory 

equipment c»nrf supplies comnonly used In elementary science 
programs. The student should he aware of hazards and 
safety precautions associated with eler»ientary science 
lahoratory work. 



INPUTS 



PROCESS 



OUTPUTS 



Students 

I nstructor 

Lah safety 
manual 
School Science 



Station Studies/ 
equi pTTient 



Students will follow self- 
instruct i ona 1 proc^?dures to 
familiarize themselves with 
common elementary science 
equipment , suppl i es , and 
safety Procedures, 



Students wi 1 1 identi fy, 
describe^ and 
appropriately use common 
elementary science 
equipment and supplies. 

Students shoLtld he aware 
of hazards and safety 
precautions associated 
with elementary science 
laboratory work. 



EVALUATION QUESTIONS 



How weU do students 
achieve objectives? 
Are there deficiencies 
in either inputs or 
Processes? 



SOURCE OF DATA 



Test data 
Course written 

assignments 
Course evaluations 
Intervl ews 
Advisory Committee 
nSTA-Elementary Committee 
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Discussion 



The sjbstance of con^ioncnt 6*0 is what is found in nost tradUional 
elenentary science methods courses* Scientific literacy is covered In 
details along with a historical perspective* Students are confortable with 
the lectures and resoondwell to test itens that relate to conponents 6*1 
and 6*2* 

Pro^iram Goal 5*2 reflects a philosophy that proinotes teaching 
elementary science as an integrated part of the total elementary 
curricul'jm* Historically, the elenentary science curricula of the 1960's 
were good science and were taught as science for science's sake* A 
tendency, first established by the Lippincott Elementary School Science 
Progran and the Modular Activities in Programed science, to teach science 
in a nult idiscipli nary mode, is now reflected in many programs* Based on 
evidence from students that indicated science experiences enhance cognitive 
skill development and have positive effects on language arts skill 
developFient, riishler (1982) recomnended that science and lanquage arts be 
integrated* Uelltnan (1973) reviewed educational research and denwnstrated 
a clear and positive relationship between science and language arts* 

E* H* Moose (1903) long ago suggested that science and math be 
integrated "so that always students' mathematics should be directly 
connected with matters of thorouc^hly concrete character***" 

It has been demonstrated by Almy (1970), Renner (1971), and Stafford 
(1969) that a child's level of thought influences achievement in 
mathenatics* It can be inferred fron these studies that there is at least 
an indirect relationship between science and mathematics* 

Science can also promote creativity* Torrence (1962) included 
hypothesis forming as a Dart of creative thinking* Children involved in 
science activities also develop a reservoir of experiences that can be 
tapped through creative writing* 

Much research has been reported on transfer of training related to the 
topic of integratiOii of science with other disciplines (Thorndike S 
Woodworth, 1901; Juid, 1939; Bayles, 1960; Gagne, 1962; Cranback, 1963; and 
Grata, 1941)* Kern (1979) indicates there arp three ways to integrate 
curriculum* The approach followed in the science methods course is what 
Kern terms a "fused curriculum in which the areas are taught as one*" 



Research indicates that experience-based ele^nentary science programs 
foster development of language and reading skills (Rarufaldi and Swift, 
1977)* Uellnan (1978) conducted research that indicates that eleEnentary 
science instruction can increase achievement scores in reading and language 
arts, and can also offer alternative teaching strategies to motivate 
children wUh difficulties in these areas* In another study* Uelltnan also 
found evidence that science instruction improves reading skills in grades 
4, 5, and 6: 
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Sonc of thG benefits that intornedf^te-qrade children have been found 
to derive from science instniction a e: vocabulary enrfchnent» 
increased verbal flt/fvncy, enhanced ability to think logically, and 
improved concept formation and communication skills- 

The hazards and safety precautions section of component 6,4 was a 
success- Students used a study qufde and a Tab safety nanual to 
self-i nstruct wfth rSsPect of the objective- The required written 
assi^nnent and test rosuUs confimed that students tinderstood the basics 
of lab safety- i^o changes occurred in this conponent over the three 
1986-87 terns - 

Faniliarity with laboratory equipment and materials coTnno.ily used in 
elementary classrooms was not achieved- It was assumed that this 
background v;ould have been achieved in the four foundation science courses 
and that a brief review would suffice at this Point- At this Point, both 
the foundation courses and methods course conponent 6*4 are being revised 
to determine how best to familiarize students with appropriate lab 
materials and equipnent. 
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Program Goal 7,0 familiarize students with exenpltTry elomentarv 
science ctjrricul:^. 



Topic 7,1 Industry and Non-profit Organization Curricula 

Objective: The student describe the naJor feature of a variety of 

third ^leneration curricula, 

INPUT S PROCESS t?]£Lf!iLL^. 

students Materials will be shared in a Students will identify 

variety of formats* ranging desirable and undesirable 
Instructor fron brief fl hr,) classroom features of industry or 

Presentations to full day non-nrofit organization 

Evaluation forns (6 hr,) worJ^shops, Project produced naterials, 

resource People will assist 
Curriculun the instructor in the full*day 

Materi al s workshops , 

Project Wild 
Project Learning 

Tree, 
ifater Education 
K-6 

Energy and Han'j^ 
Envi ronment 



Resource persons 
Workshop materials 
Project presenter 

Time: Variable 

S OURCES OF DATA 
Test scores 
Course evaluations 
Student interviews 



EVALUATION QUESTIONS 
How wen do students achieve 
the objectives? Does the 
process facilitate ease in 
achieving course objectives? 
How well do students respond 
to optional Saturday sessions? 
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Program 7.0 CONTINUED. 



Topic 7.2 PubHsher-Produced Curricula 



Objective?: The sturfont will ho ablo to ficscribo the major featijros of tv;0 
publisher Produccjl K-6 elcnentary science curricula. 



HiPUTS 
Students 

1 nstructor 

Classroon sets 
of two textbook 
seri es 

Study guide 



PROCE SS 
Students wil ] e'valuate tv;o 
textbook approaches to 
teachincT elementary science. 
Orie oxanination will he a 
self-study approach and the 
other will bo an instructor 
lecture deiTionStratTon. 

Tine: 4 hours 



EVALUATION f lUE STlOM S 
How well do students achieve 
the objectives? Does the 
Process facil i tate 
familiarity with elementary 
science curricula? 



OUTPUTS 
Students vnll ilescribe 
the desirable aiid 
undesirable aspects of 
two publisher-Produced 
elenentary science 
textbooks . 



Test' scores 
Course evaluations 
Student interviews 



Topic 7.3 Supplementary Materials and Journals 



Objective: 



inPUTS 



The student will be faniliar with resources found in science 
anjj^ Chi ] dj^en and Science Scope . 



Students 

Instructor 

Science anj^ 

Children ^ 

5cience~ScQpe 

Handout 



PROCESS 

The instructor vnll introduce 
and share sanple activities 
fron riSTA publ 1 cat i ors. 

Students will complete an 
assignment related to one of 
the shared publications. 



OUTPUTS 
Students will identify 
Science and Children and 
Science Scope as ^^STA 
publications. 
Students \'^ill be aware of 
iJiaterials available fron 
NSTA . 



EVALUATION QUESTIOnS 
Kow well do students achieve 
the objectives? Do&s the 
process facilitate objectives? 



SO'J RCES OF DATA 
Tes: scores 
Course evaluations 
Student interviews 
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Discussion 



Tradi t Tonal ]y , nucii science noMicds course tine has hoGn devoted to 
f ani 1 i ari zi n^7 5tudent£ with curricuU/ni nateJ*i<iT*;, Hnv/over. r^^viev; of the 
litcrati.jro on scienco i^thods course rOBearch revGtil5 little or no evidence 
on hovj to best incorporate curriculum naterial into a methods course, 
GremTi (19SS) probably IdentifiGB the irost rf*alistic variable th^t 
precludes in-dcnth e;(f>nsure to curriculiiin naterials* that being the reality 
of the clas5room. Given 5uch findings^ and the Intuitive feeling that all 
existing curricula cannot he covered in .iny in-depth vjay, the approach in 
the science methods course will be to brOridly fanil1ar1::e 5tudents with a 
variety of curriculum I'laterial, but not inverse then in any one program^, 

This component of the course wa5 well received by students. Course 
evaluation feedback v;as vpry positive and performance on related exam items 
was consistently hi^h, A real plus for this conponent was provision of 
free materials: Proj ect Learning Tree , Project iM ld> Uater Education Kv-j_ t 
and Energy a nd Maf> 's Tr n^rojiPgnt , for al ) student5. Presentations have 
ranged from short in-class ses5ion5 to full days, F'll 1 days were billed as 
optional Saturday experience5 with five points extra credit Qiven for 
attendance. This approach has been outstanding in that consistently 2/3 or 
nore of the students attended the full-day 5essions, adding 13 voluntary 
contact hours for many students. This approach infill continue to be 
fol lowed in the future. 

The most interesting aspect of conponent 7^2 was that students entered 
the session with a negative attitude toward textbook use in elenentary 
science classrooms^ hut exited the experience with just the reverse 
attitude. The change was attributed to instructor attitude and the guality 
of the text series examined, Hovjever^ most students use a hands-on^ 
no-textbook approach in their practicun. 

The exposure to publications such as Science and Children has evolved 

considerably. The approach of lecture tfemonstration, ;jse of sanple 

materials, and an assigned activity prov1de5 students with e;^posure that is 
retained at lea5t until final exan tine. 



ERIC 
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Prograrn Goal 8*0 To orov^d^? the opportunity for students to teach a series 
of science lessons in an elenentary or middle education 
classroom. 



Topic 8* 1 Pract icun 

Objective: The student will work with a coooerating classroom teacher to 
plan, teach, and evaluate an eletTicntary science teaching 
experi ence* 



INPUTS 
Students 

Cooperating 
teachers 



Lab School 
facilities 



PROCESS 

Tnis coniponent is designed to 
give the student an 
opportunity to teach science 
lessons in an elerjientary 
clas sroom* 

The classroom teaching will 
be done in an Edith Bowon Lab 
School classroom as part of 
the Level IIJ practicum* 



OUTPUTS 
Students should denxin- 
strate professionalism 
in dealing with coopera* 
ting teachers , 
principals, and students.. 

Students should demon* 
strate ability to plar 
ef fecti vely.. 



Students should teach 
three or none science 
lessons. 



HVALUATIOM QUESTIONS 
Are students adequately 
prepared to teach science 
i n thei r oract icum? 



SOURCES OF DATA 
Cooperating teachers 
Level III Evaluations 
Edith Bowen School 
Faculty 



DISCUSSION 



The merits of actual classroom practicum experiences are widely 
documented (Repicky, 1977; Ijeaver, 1979; Sunal , 1978; Harty, 1984), 

The practirum for the science rnethods course occurs during the methods 
block practicum in Edith Bowen Laboratory School. A pass/fail grade is 
assigned by cooperating teachers for half-day practicum experiences that 
extend over an entire term* Students mjst teach some science during that 
time period* 
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Program Goal provide a culminating experience where students can 

demonstrate teaching competencies. 



Topic 9.1 ConvocatTon 



Objective: The student will plan and conduct a special science learning 
experience for a group of children. 



INPUTS 
Students 

Instructor 

Cooperating 

Elementary 

Schools 

Various 
resources 



PROCESS 

This component provides the 
student with an opportunity 
to deironstrate mastery of 
science content and teaching.. 
Each tern, a special topic or 
topics are selected for 
developrient.. Students revi ew 
aspects of scientific 
literacy^ teaching skiDs, 
and assessment. Small groups 
or individuals plan special 
learning experiences that are 
carried out in elenentary 
classrooms as part of a 
convocation day. Format and 
topic vary from tern to tern. 

Tine: 8 hours 



O UTPUTS 
Students should deFMonstrate 
abi 1 Uy to work with a 
variety of people. 

Students should be able to 
plan effectively. 

Students should nalce 
appropriate space» equipmenti 
and people arrangements* 

Students should conduct the 
convocation in a professional 
manner* 



EVALUATlOrf QUESTIONS 

How valuable is an additional 

classroon or teaching 

experience? Is the concept 

of a convocation viable? 

"How do elementary children respond? 

Kow do classroom teachers respond? 



SOURCES QF DATA 
Course evaluations 
Student interviews 
Teacher feedback 
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DISCUSSION 



The concept of a convocation as a culmnattng experience was d product 
of experience with science fairs and ^^xposure to the "convocations" 
approach vised in the Albuquerque Public schools.. 

The convocations consist of ^ series of special sessions for 
eletnentary qrarie level students. Enphasis i on Type II and Type III 
Retizuli Triad (Renzuli, 1977) science experiences, designed primarily to 
reduce the gap betw&en existing achieven&nt and the r&al potential of all 
students. 

In planning the convocation, a student should consider four factors 
(Schwab, 1973). Thesft are: teacher* learner, curriculum, and nilieu. It 
is the teacher's obligation to set the agenda and decide what concepts anrj 
events contribute to a learninf} eJ^penence* Gowin (19S1) uses the term 
governance rather than milieu to describe factors that control the meaning 
of a learning experience* 

This component was originally designed as an optional experience. 
However, it has turned out to be or]e of the highlights of the course. As 
such* it is concluded that it should be a required corponent* 

Fornat for the convocation varies from tern to term. Basic 
ingredients included: a science topic* lots of planning, and a full day of 
teaching science in an elementary school- The conponent was a practical 
way for students to demonstrate mastery of content, materials, and teaching 
skills* Course evaluations are very high for the component and teacher 
response in the schools visited v/as very favorable- 
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Program Goal 10*0 To provide a means of meajuring growth and exitlevel 
of performance. 



Topic 10,1 Posttest 

Objective; The student will demonstrate mastery of course objecMves in 
accordance with prescribed (30%) criteria levels. 



INPUTS 
Students 

Midterm exam 



PROCESS 

Testfng will cover all major 
aspects of the course. Grading 
15 set up so that students 
performing at less than the 
S0% level of competency on 
exams will obtain less than a 
passing grade for the course. 



OUTPUTS 
Students will demonstrate 
tes, performance at the 
SOr^ or better level - 



EVALUATION QUESTIONS 
How well do students achieve 
course objectives? Do tests 
tneasure course objectives? 
Hovj do students respond to 
testi ng? 



SOURCES OF D ATA 
Test scores 
Cours3 evaluations 



DISCUSSION 



Student performance on midterm and final exams was outstanding. Grade 
distributions were consistently higher than college averages. Student 
course evaluation data indicated a general approval of tests and a feeling 
that tests matched objectives and course expectations. 

No effort has been made to standardize the exams. Validation and 
reliability data are not available on these tests. 



SO WHAT? 



The bottom line is that students who graduate from the program are 
very employable. They have a science background that puts them far ahead 
of many teachers ir the field. As first year teachers, they have survival 
skills that past graduates nay not have had. Computers and related 
technology are not a threat. 
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The ChallenHp 



Ilakinq science user-frienrily ]s a ch^^llenqG worthy of our hcst 
efforts- Science affects everyone's lives in ways which require people to 
bo intelliqent consuriers of science in their daily decision-nakinq- If one 
has cxperienceil science in user-friendly encounters, then it is likely that 
science will t>e ni?anTnqf ul ly involved in oi^r decis ion-naki nn Processes, 
both in professional and personal applications- 

Connon sense, vast personal experience, and contemporary research all 
suggest that a user-friendly event is one which alerts the learner throuc^h 
language that is conprehended , carries the learner through new experiences, 
delivers the learner at a niciher level of understanding, and enables the 
learner to nake applications--put the fdea^^ into action- A user-friendly 
event then assurtes first that there is a teacher skilled in the craft of 
teaching- A skilled teacher is one who is understood to be knowledgeable 
in science^ in problen-sol vi nq^ in per1af]'jgy, and especially in 
interpersonal skil Is- 



A Rationale for the Skilled Teachej^ 

A skilled teacher for the secondary science classroon is one who is 
developed rather than trained- This formation of a science teacher is a 
strategy which is, in realitv, the product of coTnhining the essential 
elements of four research areas — the content of science, problen solving, 
envi ronnental essentials, and personal involvement, 



A- The Science Conceptual Sase 

From a hroad base of both scientific discoveries and accumulated 
kna^ledge, we have a vast storehouse or nenu of information about our 
natural world- Embedded in this information are strategies by which 
scientists have searched to understand the workings of our Physical 
and biological world- But science is tnore than information; science 
TS more than the strategies of searching- Science gives us the 
ability to know when to combine what is known with searching 
strategies to generate creative insights or to 50lve problems (By^bee, 
1976; Uavering, 19S0)- 



B- The Problen Solving Base 

Through cognitive science research, we possess many helpful bits 
of knowledge to explain how people solve problems {Rutherford, 1980)- 
That research suggests that we solve problems best when we are 
confronted with an incomplete cr unsolved event about which we know 
enough to ask informed questions (Uinne ?i Mack, 1977; Anderson ^ 
Smith, 1981)- Given an array of searching strategies to back up our 
questions, we can move toward problein resolution if given an adequate 
context for exploration, data collection^ and interpretation (Norton & 
riutts, 1973)- 
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C . The EnvironnGnial Contf^xt E a^e 



In a widely floCLmf^nte-l set of st-j^ies of of f^^ct, i ^c^ooli-^T, 
Glun (1934) has described vjhat happens when stutients are rierfoning in 
school settings in vjhich we vjould not exPect thon to succtss*"^;! . 
Students arc acaderTif cally successful in these settings when by nost 
criteria they othennse have had little access to success. ^as<?d on 
the findings of these studies, schooling is user-friendly (and by 
inplication so night science he) if the four groups which function In 
the schooling context work together. These groups are conprised of 
the students, teachers, adni ni strators , and parents {Blun, 1934). 
Optinally these four groups work together in a specified direction. It 
is critical to note that in Places v;here schooling is not 
user*friendly, at least one of these groups is absent or is not 
involved (Ralph A Fennesy, 1983). 

Likewise, effective schools are characterised by four unifying 
concepts. Schools are none effective if they are characterized by (1) 
a connon aqreenent concerning the goals of schooling (SHuires, 1980; 
Bickel, 19$3; Alexander A Pallas, 1984), [2] a supportive clinate for 
those goals (Clark, Lotto ricCarty, 1980; Squires, 1980; Eubanks S 
Levine, 1983), (3) the instruction to facilitate those goals (Squfres, 
1980; Anderson, 1982; Eubanks ^ Levine, 1983; Alexander A Pallas, 
1984), a^d (4) the nonitoring of individual progress toward those 
goals (Squires, 1980; Eubanks ^ Levine, 1983; Bickel, 1983). 

As described in these research studies, sthooling (an^l also 
science) is user-friendly to the extent that all four groups 
(students, teachers, administrators, and parents) perceive academic 
learning to be the Primary and nost important reason for the schools. 
Further, schooling is seen as a way to help the student achieve 
Success, and this success is a comnonly held expectation for everyone. 
Everyone accepts that schools are places for learning. But learning 
must be mastered by the student, and experience alone is not 
sufficient for learning to occur, 

A second direction or factor for the rrodel of user-friendly 
science is a school climate which supports academics or science 
learning. The school adriinistrator plays a key role as one who must 
Understand and accept academic learning as the purpose for schooling. 
The effective administrator spends time in the school halls, 
classroorrs, and laboratories demonstrati ng more care about student 
academic success than personal popularity. The administrator sets 
consistently high standards of expectation for the school with 
schooling routines that are consistently and fairly enforced. 
Effective adni ni s trators are guided by the conviction that personal 
actions do make a difference, especially in actual attendance in 
class, 

A third factor in the user-friendly science fnodel is classroom 
instruction. Science is user-friendly to the extent that classroom 
experiences are planned 1n advance and articulated with clear linkages 
between goals, activities, and tests. These classes are taught by 
teachers who are "on*task" and who maintain extensive contact with 
their students. Classroom experiences are also regularly extended 
through relevant homev-jork ass^gnme^^ts, 
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The fourth factor, personal nonltoring of progress, 1s also an 
essential component of the user-friendly science nodel. This 
monitoring must be clearly related to goals, frequent in occurrence, 
and reflective of the fact that schools rare about the individual and 
about the personal responsibility of the student to participate in the 
process. 



D. The Personal Involvement Base 

The Fuller Concerns riodel (Fuller, Pilgrim ^ Freeland, 1967) 
provides another research base to help us expand our rationale for the 
skilled teacher. In her pioneering work. Fuller described a series of 
stages of concern that each of us faces when presented with a new 
challenge* We first experience the tlE level: Can we survive or do we 
understand enough about the language to function? IJhen we have 
resolved this stage, we are ready for the THEri or IT sta<3e. Here we 
are concerned about what they or it is like* or what iriore we can find 
out about the event. Only when we are comfortable with our personal 
survival and our knowledge of the event are we then able to tr^ov^ on to 
the me/Them issues or nore mature concerns of how we can help others 
or make the event happen again. 

From scientific research, we have the content of science. 
Cognitive sciences research provides us with knovjledge of how to learn 
or solve problems^ especially as they are found in the classroom 
context. The research on effective schooling gives us knowledge of 
who and in what directions we must link together for success in the 
classroorn. To be truly user*fr1endly, we must begin with people, the 
prospective teachers and their concerns or their readiness to learn. 
So we corne back to the initial assumption from which we beganr In the 
formation of a science teacher, we must pick up individuals first 
before v/e can carry them and deliver them at a stage where they can be 
effective in the classroo/^i. 



A Prograin for Developing Secondary Science Teachers 

The general philosophy of formation of science teachers of this 
chapter is that excellence in science teaching is the outcoTMe of 
opportunities for teachers to become connitted to teaching* confident in 
their science knowledge, and competent in their ability to manage both 
ideas and people. These four goals can be accomplished in a developmental 
program using experiences in schools to help the individual form personal 
skills and competencies. Being a teacher is thus an "inside*out" 
phenomenon rather than an external "outside*in" training routine. 

Science teachers must be competent in their teaching field. This 
competence may be accomplished by their coming to the program with a 
completed content mjor in science. On our campus this major requires that 
they have at least 40 quarter hours in one science area and at least 15 
quarter hours in two of three other areas^ plus 30 hours of mathematics. 
Building on this content base, there are four phases in the plan for the 
formation of secondary science teachers. 
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In Phase I, the prospective teachers have a variety of ejcPeriences on 
campus and in-schoo? opportunities to exPlore what being a teacher means Tn 
addition to examining their own personal commitment to teaching as a 
career, A variation of this phase which is useful in some situations is to 
hiTve the prospective teacher serve as a Paraprofessional staff member in a 
school while taking this first ohase course, A further strengthening of 
the tie between school experiences and personal commitment is to have Iha 
course taught on the school campus rather than at the college setting. 

Phase 11 enables the participant to move into practicing organizing 
ideas for instructioi^ — the management of ideas and practice in organizing 
pupils or people management. In this practice phase, the task is defined 
and a variety of options are practiced in on-campus and in-school field 
experiences in middle and high school science classrooms. 

Phase III is the full-time student teaching quarter. From their 
initial observing and tutorial roles, the preservice teachers assume full 
responsibility for planning and managing the teacher's daily 
res ponsibilities. 

Phase TV consists of the first two years induction into teaching. 
There is a critical need for continued support for the teachers newly 
appointed on their first job. This time is generally characterized by 
isolation when support is needed but, unfortunately, conventionally absent, 
Tn this induction phase, the teacher has access to a monthly Consultation 
in the classroom by a team of experienced teachers, fronthly dialog sessions 
with other new teachers and the district's commitment for them to 
participate in state and regional professional meetings of such state and 
national organizations as the National Science Teachers Association, 



Conventional courses for prospective secondary science teachers tend 
to be isolated vignettes of how to plan and conduct science classes. 
Presented here has been a plan for strengthening the preparation of 
secondary science teachers by focusing on helping them develop as 
individuals. 

The basic theme of this plan for the formation of science teachers is 
that excellence in science teaching is the outcome of opportunities for the 
teachers to be corrmitted to teaching, confident in their science knowledge 
and competent in their ability to manage both ideas and people. To assist 
prospective teachers in acquiring these goals, a four phase program 
provides for the following: 

tine to make a personal commitment to teaching, 
time to practice with teaching skills* 

time to practice in the classroom, and 

time to experience induction into the teaching 
Profession during their first tvjo years on the job. 

The Success of the program for the fomation of s^:iJnce teachers is 
seen in the extent to which it has denionstrated that prospective teachers 
are successfully becoming part of the community of science teachers. 
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Four years and scores of reports have re^nHtecl in minerous 
recommendations and reforms ained at inproving science educ/ition*. In one 
serrse the recent reforns resemble efforts underta^;en in ]950 with the 
KatTonal Science roimfiation*s 20 year investment in curriculum development 
- reforn was thon and is nov^ conceptLiaHsed and implemented In the all too 
familiar "top-down" approach to change* Prestigious national commissions 
have studied education; state houses have legislated reforms; teachers have 
been charged with the responsibility of compliance. Unfortunately ^ in the 
wisdom of riegatrends (Naisbitt, 1932) "Trends are botton-uP, fads top-rJown" 
(p.. 3)* Reforns may have little impact on the outcomes of education 
without grass-roots Programs aimed flt siipportln^i and improving the everyday 
instructional activities of teachers. 

In other ways current reform efforts are quite different. Economic 
security rather than national defense fuels reform in the 1980's. Success 
in the classroom, particularly in science and mathematics classroonis, is 
seen to hold the key to gaining an economic edne in the international 
marketplace, although there aro no data to suggest that science education 
actually increases economic productivity (Champagne A Hornig, 1987, o. 11). 
The challenge for science educators at all levels is not only to improve 
the quality of science learning for students who are interested in science 
but to broaden the base of knowledge, skill, and appreciation of science to 
include students who heretofore have been neglected. Mo longer will it be 
sufficient to develop scientific and technologic literacy among the 2% of 
the population who will becoine decision makers and policy leaders and the 
18% of the attentive public (riiller, 1983). Whether students' future 
career aspirations are to enter a scientific field of study or to join the 
ranks of the service sector, science and technology vnll occupy a central 
role in their everydav activities. At the present time, for example, 
service industries account for 71% of the gross national product and 75% of 
all jobs and are projected to continue growing (Quinn, Baruch, S Paquette, 
1987). The new service industries are defined "..,to include all economic 
activities whose output is not a physical product or construct ion, is 
generally consumed at the time it is produced and provides added value in 
forms. ..that are essentially intangible concerns of its first purchaser** 
(Quinn, Baruch» & Paquette, 1937, p. 50). These new service industries are 
driven by advanced technology and will require highly skilled^ 
scientifically and technologically literate workers to sustain their 
growth. 

To attract and develop science teachers capable of bringing about high 
level learning in and appreciation for science among all students^ grades 

presents formidable challenges to higher education. Even more 
difficult than the challenge of reforming preservice science teacher 
preparation may be the task of nurturing the continued development of 
science teachers once they enter the profession. Higher education is well 
suited to provide for the continuing education of science teachers - the 
key to long term inprovement in the quality of science teaching and 
learni ng. 
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This chapter rfocunents the need for institutioFis of higher etfucatfon, 
and particiHarly centers of science edi:CAtioT>, to t^ike an active, leading 
role in planning continuifiq education prograns for science teachers. 
Background information ts first Presented, comparing the impetus for reforn 
in science erlncation in the 1950's with that in the 1930's. Science 
education in Japan is then exam'neri with attention focused on what lessons 
night he learned from the Japanese regarding classroom instruction and the 
continuing education of science teachers, iiext examined are the recent 
refoms ^ecoT^mende^1 for inproving the quality science education programs 
for students and teachers. The chapter concludes with the identification 
and discussion of five najnr areas in which centers of science education 
can make important contributions to the continuing education of science 
teachers. 



Background 

Government interest in scientific research^ nanpower^ and education 
for peacetime i^ses was initiated in 1944 with President Franklin 
Roosevelt's letter to Dr, Vannevar bush, then the Director of the Office of 
Scientific Research and Oevelopment. the agency directly responsible for 
coordinating the nation's scientific and technologic efforts during World 
War IK In his letter. President Roosevelt sought Or, Rush's 
recommendations for peacetime efforts related to continued research and 
development in science and specifically asked whether an effective program 
could be developed for discovering and developing scientific talent in 
American youth (Bush* 1960), The results of Bush's efforts led to the 
eventual formation of the National Science Foundation, 

Precollege science education has been the stepchild of the National 
Science Foundation since its formation. Originally, riSF's functions were 
limited to the support of science activities at the undergraduate and 
graduate school levels, With passage of Public Law 92-372 in 197Z, the NSF 
was Charged with the responsibility of initiating and supporting basic 
scientific research and programs to strengthen the nation's scientific 
research potential and science education ajLall levels (Crane, 1976), The 
foundation has had a history of reluctance to become involved in precollege 
science educat ion. 

With the end of World War II industry vjould not wait for governtivent to 
respond to the need for improved programs in science education, riajor 
science and engineering businesses realized their dependence upon a 
continuing supply of highly trained scientists and engineers and identified 
high school as the weak link in the educational ladder. Businesses turned 
to higher education for help. General Electric convened the first summer 
institute for science teachers, who were designated by the company as GE 
Science Fellows. The six week prograTu consisted of graduate courses in 
modern physics, electronics, and applications of physical crieasurements and 
was offered at tjnion College in Schenectady. Tieitr York in the sumner, 1945. 
Four years later the Uestinghouse Educational Foundation Program brought 
science teachers to the campus of the riassachusetts Institute of Technology 
for a six week, indepth study of science and engineering. From the 
beginning, sunmer institutes proved popular anong science teachers. 
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The Foundation's first venturf^ into scionce Of1:jr^tioT> w-s*; lim + ^'l \o 
the iinprovDnent of instruction at the collGge lovol, J- IJ- ^vjchta propose'^ 
to the Foundation two sunner institutf^S in nhysics, onn ^or 'tollo'ify 
instructors and One for high school teachers, with overl n^^ se^^lons* 
The coTlene oroqrani v;as funrie^l by the ^JSF for the ^um^er, lOS'i; t'>e Hioh 
school program, although denied funding by the N5F, w^s later suPDorte'^ hy 
a grant from the Ford Foundation an^l held at the University of 'linnesota, 
as was the college program (Crane, 1976), 

The impetus for NSF involvement in precollf^ge science education came 
not from v/ithin the Foundation hut from President Eisenhajer who had heard 
of the growth of Soviet scientific manpower* Funding for the Foundation's 
Education in the Sciences Program was increased from $160,789 in 19S4 to 
5315,790 in 1955, From humble beginnings consisting of four summer 
institutes offered to college teachers in 1954, the increase^ funds made it 
possible to offer eleven sunmer institutes in 1955, six for high school 
teachers and five for college teachers, IJhen all available evidence later 
pointed to the need to improve precollege science textbooks and the nation 
harbored fears of technological inferiority fueled by the successful launch 
of Sputnik by the Soviet Union in 1957, the flSF entered the business of 
curriculuin development, enlisting the support and service of leading 
scientists, NSF fur^ding for curriculum:? deveTcpnent and teacher education 
peatced in 1963 at approximately S13 million, 3y 1976 funding for 
curriculum development had dropped to S5,5 million, support mainly to 
continue projects already started. As a result of the MSF's support for 
science curriculum development alternatives to traditional science 
textbooks v/ere made available, science content v;as updated, and interest in 
science improved, although mainly among students in elementary rather than 
secondary grades (Melch, 1979}, With nereds for scientific manpower 
fulfilled, changing national priorities, claims of promoting a national 
curriculum, and dwindling ponular support for what were perceived to be 
curricula that promoted non-traditional societal values, the NSF terminated 
its 20 year experiment in curriculum development anid cries for a return to 
the basics* 

, Thirty years have elapsed since the launching of Sputnik propelled 
curriculum development in science into the national limelight. The United 
States once again faces a crisi., in science and mathematics education 
brought about by an increase in national debt, an imbalance in 
international trade, and the realization that other nations, particularly 
Japan and Korea, have surpassed the US in many areas of manufacturing and 
trade (Jennings, 1987), 

The world economy has undergone a profound transformation, 
Manufacturers of electronic appliances in the United States long ago 
recogniied and complained that the Japanese could undercut US prices 
because of low-cost labor. Businesses adjusted to this economic reality by 
contracting with low-cost producers in Japan for parts and finished 
Products* content to be producers of knowledge while Japan manufactured 
parts and finished Products. In time the cost of Japanese labor increased 
and Japanese manufacturers turned to Korea, where workers put in a twelve 
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hour day, seven days a week for about $3,000 a year, r^ow the Japanese 
compete with the United States in the knowledge production business; Korea 
is soon to follow. To stem the flow of capital and jobs to Japan and 
Korea, the United States need not sacrifice the standard of living for its 
workers- To maintain a high-wage level society the US econony nust be 
based on wide scale use of very highly skilled workers, backed up by the 
most advanced technologies available (Carnegie Forun on Edijcatlon and the 
Economy, 1986). 

Comparative studies of the US and Japanese economies and business 
practices have Identified education as the major factor responsible for 
Japan^s success in the world marketplace. The Japanese^ according to the 
reports, do a far better job of educating all students at a level far 
higher than that in the United States (Jennings, 1987). 



The Competition 

The success of Japanese students in the world educational arena has 
been convincingly demonstrated on two successive international studies of 
school achievement in science and mathematics. In 1970, the educational 
achievement of 10-, 14-, and 18-year-olds in nineteen countries was 
examined in a study conducted by the International Association for the 
Evaluation of Educational Achievenent (Conber Keeves, 1973). Japanese 
students, ages 10 and 14, ranked first atnonq all nations on science 
knowledge-testing knowledge of biology, chemistry, earth science, and 
physics (The Japanese did not test 18-year'Olds on knowledge of science). 
Results of the Secot^d International Science Study completed in 1983 and 
19S6 (with different levels of students in each administration) revealed 
Japanese students once again outperformed their American 
counterparts-advanced, regular, or non-science students (fiothman, 1987). 

Japan and the United States agreed in 1983 when President Reagan and 
Prime Minister Nakasone net to undertake a cooperative study of education 
in each other's country. The studies were sponsored by the United 
States-Japan Conference on Cultural and Educational Interchange (CULCOM)- 
Chester E. Finn, Assistant Secretary of Education, and C. Ronald 
Kimberling, Assistant Secretary for Postsecondary Education, were 
responsible for the US study of Japanese education, and the Japanese 
Ministry of Education, Science, and Culture assumed responsibility for 
carrying out Japan's study of ftoerican education. Japanese Education Today 
(Leestma, August, George. & Leek, 1987) reports the findings of the 
study, and Educational Reform in the United States (Japanese Study Group, 
1987) presents the findings of the Japanese study group. The Japanese 
examination of US education was undertaken at a time when pressures were 
mounting at home to reduce the rigidity and structure of education. 

The Japanese report on education in the United States Presents an 
overview of the reforns in secondary education, describes the interface 
between secondary and higher education, and examines reform in 
undergraduate education. Noticeably absent from the Japanese report is any 
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mention of reform in elementary school education, targeted r^?cently in all 
the major reforn reports as a critical component in the overall plan for 
improving science and nathenatics education in the United States, The very 
nature of the contents of the report suggest that the real interest of the 
Japanese centers more on understanding the nature of US education, 
particularly the secondary-higher education link, rather than what lessons 
might be learned from the US to improve education in Japan, The Japanese 
appear to have little interest in the science and mathematics programs 
offered in US schools. In 1985 South Bend, Indiana, Mayor Roger Parent, 
who was part of a delegation of nayors trying to lure Japanese investment 
to their cities renarked; "The Japanese told us right off the bat that in 
science and math, if their kids stayed in American high schools and 
returned to Japan for college, they'd be two or three years behind ("The 
Total System'^ 19S5, p, 20), In response to the education problem, 
Japanese schools have been established worldwide {one each in Chicago and 
New York) to deal with the academic and social problems experienced by 
students who return to Japan from abroad. Knowledgeable observers have 
commented that the Japanese report. Educational Reform in the United 
States^, ", ,*exaggerates appreciation for Anerican schooling out of 
politeness'^ {Gordon, 1987, p, 4), 

The US report describes the context of education in Japan and presents 
an overview of all levels of Japanese education, the teaching profession, 
and the role of the family in education. The US report, however, goes a 
step beyond that of the Japanese, It identifies the features of schooling 
that seem to be responsible for the phenomenal success of the Japanese 
educational systen, 

Japan is a country with approximately half the population of the 
United States crowded onto an island about the size of the State of 
California, With one of the highest population densities of any country in 
the vmrld, few natural resources, and four-fifths of its land mountainous, 
unarable, and uninhabitable, hunan resources are Japan's greatest and 
perhaps only asset (Ranbom, 1985}, Learning is seen to be the keystone for 
the success of a cor;plex^ knavledge intensive, highly literate society. 
Education has been woven into the cultural, religious, political, and moral 
fabric of Japanese beliefs and custons. Although considerable learning 
takes place outside the home, and businesses and government contribute 
greatly to the success of education, Japanese teachers, nevertheless, play 
a major role in the success story. 

At every level of education teachers have broad responsibilities for 
transmitting cultural values and instilling a love of learning. Early in 
preschool licensed professional teachers v/ork with children between the 
ages of three and five for five hours per day, training them in proper 
social behavior, habits, and attitudes and providing then with instruction 
in health, social life, nature, language, music, and crafts as prescribed 
by the Ministry of Education and the Ministry of Health, Fortnal entry into 
elementary schools, grades 1-6, is a ceremonious occasion and is seen to be 
critical tn establishing proper attitude and learning habits^ Talented and 
experienced teachers are therefore nore frequently assigned to the first 
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grade. Teachers teach a different nrade level each year to qain a broa^i 
e>cperience with all six grade levels. The currKulum for the elementary 
school is prescribed hy the tlinistry of Education and consists of 
instruction Tn Japanese* social studies, arithnetic* science, rrfcjsic, art 
and handicraft, homenaking (in grades 5 and 6), physical education, and 
moral educatiorf. In science lessons teachers stress that students develop 
process skills, learn to conduct simple e^cperments, and gain an 
appreciation for the biological and physical sciences. The curriculum in 
all subject areas is demanding and highly structured. In the louver 
secondary school, grades 7-9, the school climate is more serious and 
disciplined vJith teachers placinq greater emphasis on the transmission and 
acquisition of factual knowledge and on further development of the basic 
skills in preparation for the high school entrance e>canination< Lower 
secondary school teachers emphasize mastery of factual material, through 
the use of drill and memorization, rather than critical thinking. 
Compulsory education ends with completion of grade 9< Vocational and 
acadenic tracks are offered in the unper secondary school, grades 10-12, 
but appro>cimately 70 percent of all Japanese students enroll in the 
academic track in preparation for college. Education is rigorous and 
demanding, with all students, regardless of track, completing the same 
academic program in grade 10< Grades 11 and 12 are hiqhly structured* 
Academic students pursue either the literature or science track. 
Literature majors study biology and chemistry, and science F^iaJors study 
chemistry and physics* Teachers expect much from their students, "Good 
teachers are considered to be those who carefullv and conscientiously cover 
the material outlined in the course of study" (Leestrra, August, George, ?i 
Leekt 19S7, p, 43), Lessons are intensive and fast paced vjith little tinie 
for enriched presentations or student questions. 

It would be unwise to conclude that the success of Japanese students 
in science and mathenatics is merely the product of social* moral, and 
cultural forces. According to the US report Japanese Education Today , 
"Japanese teachers are an essential element in the success story, Japanese 
Society entrusts major responsibilities to teachers and expects much from 
then. It confers high social status and economic rewards but also subjects 
teachers to constant public scrutiny/' (Leestma, August, George, & Leek, 
1987, p< 15), Two classes of teaching certificates are available, with 
different qualifications for each depending upon grade level (preschool, 
elementary, lower secondary, or upper secondary) and subject to be taught 
[ftore credits are required to teach social studies, science, homemaking, 
industrial arts, and vocational education than Japanese, mathematics, 
music, art, physical education, health, English, and religion], A first 
class teaching certificate at the preschool level requires a bachelor*s 
degree, 28 credits in professional education subjects (Including 4 credits, 
i-et, 4 vieeks, for student teaching), and 16 credits in a teaching subject 
(etg<, science). For a first class certificate to teach in elementary 
schools a candidate must complete, in addition to receiving a bachelor's 
degree, 32 credits in professional education subjects (including 4 credits 
in student teaching) and 16 credits in a teaching subject, Cotisiderably 
nore training in science is required for secondary school teaching 
certificates. For the lov;er secondary level a first class certificate 
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requires completion of d bachelor's degree, 14 credits in professional 
education subjects (including 2 credits in student teaching), and 40 
credits in science. For a first class, upper secondary certificate in 
science a person must hold a master's degree, have completed 14 credits In 
professional education subjects (including 2 credits in student teaching)i 
and have earned 62 credits in science (Troost, 1985 and Leestma, August, 
George, ^- Leek, 1987}, 

Once fornal academic reQuirenents have been conpleted, a Prospective 
science teacher must receive a license to teach from a prefectural board of 
education, A prefectural board may require additional academic courses of 
all applicants, A two part examination is also administered by a 
prefectural board. First, a science teacher candidate must Pass a written 
examination covering general education and science. Next, the applicant 
must complete an interview;, Uhen a candidate has been successfully 
examined a teaching license is granted, which is good for life in any of 
the 47 prefectures and 10 municipalities. The economic and social status 
of teachers in Japan is high, and competition for teaching positions in 
Japan is intense, with approximately five applicants for each vacancy. 

The strength of the continuing education opportunities available to 
teachers underscores the Japanese committnent to education and 
self-improvement. First year teachers receive a minimum of 20 days of 
inservice training during the year, with much of the training taking place 
in the beginning teacher's school under the guidance and supervision of an 
expert experienced teacher. Interestingly, most teachers and boards of 
education perceive the preservice teacher preparation programs to be weak. 
Teachers are also active in citywide or districtwide study groups, formed 
to discuss a variety of instructional concerns. Prefectures and 
municipalities a7so ha^c teacher centers, whfch offer inservice edwcatfon, 
counseling, and guidance and conduct research within the district. 
Programs last from one to five days and offer teachers subject matter, 
teaching, technology, and classroom management training. Teacher centers 
have a full-time staff, consisting of experienced teachers on leave to 
conduct inservice programs, university professors, and com^!^unity resource 
persons. Sixth-year teachers are required to spend three days at the 
center for refresher training. Opportunities are also available for 
teachers to undertake special projeas of their own design at the teacher 
center for three or six nonths periods. Teachers find the inservice 
training they receive at teacher centers and in their schools to be 
successful (Leestma, August, George, A Leek, 1987, p, IS), 

Japanese teachers are active members in professional organizations, 
which exist for science teachers at all educational levels. By one 
estimate there are at least twelve national organizations or societies 
interested in the promotion of science education in Japan and there are 
numerous regional and prefectural associations. Each society publishes one 
or more journals, and in 1972, 74 percent of Japanese science teachers were 
inembers of a subject -specific science teachers association (Troost, 19S5, 
p, 48), 
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In the concluding section of the report, Japanese Education Today , 
Secretary of Education WHlian Bennett summarized what he saw to be twelve 
major fmplications for American education. The implications attest to the 
inportance of parental involvement in education, clarity of purpose, 
motivation, expectations and standards, comprehensive basic education, 
cultural literacy, character ec^ucation, school and classroom environment, 
maximizinf) learning time, investing in teaching, developing and rewarding 
outstanding teachers, and teaching students to be responsible and holding 
them accountable for learning (Leestma, Aifgust, George, Leek, 1987, p, 
69-71), 



The Problem 

The declining quality of science education nay be far easier to 
document than to overcome. Data confirm the achievement test score 
decline, the change in demographics of the school age population, reduced 
numbers of student? studying science, and a decline in the quality of 
science teaching and in the attractiveness of the science teaching 
profession, 

Examination of Scholastic Aptitude Test scores (verbal and 
mathematics) for the last 20 years indicates a decline in average 
achievement, although more recent data suggest that the decline may be 
abating [Department of Education, 19S5}, An examination of SAT scores by 
ethnicity reveals major gaps in achievement between white, Asian-American, 
Mexican-American, and black. The SAT-Verbal scores differ at^iong ethnic 
groups by about 120 points, with black students scoring lowest followed by 
Mexican-American, Asian-ftnerican, then white students. Differences of 
approxiaately 160 points are observed on SAT-Math scores, with black 
students scoring lo^vest followed by Mexi can-Ameri can , white, then 
Asian-Anerican students (Mirga, 1986), 

Performance by 9-, 13-, and 17-year-olds on the National Assessment of 
Educational Progress tests reveals declines in phvsical science knoivledge 
among all 990 groups, notably among 17-year-olds, across four 
administrations - 1969, 1972, 1976, and 1981 (Raizen ft Jones, 1985), Sharp 
regional differences were found in science knowledge on the 1981 NAEP 
results; southeastern students scored significantly below the national 
average on items tneasuring science knowledge; understanding and use of 
inquiry skills; and understanding of the interactions among science, 
technology, and society (Hueftle, Rakow, A l/elch, 1983), 

Declining achievenent in science among students in the United States 
has been well documentea, but now there is disturbing evidence that US 
students lag far behind their counterparts in other countries (Rothman, 
1987), Results of the Second International Science Study indicate that 
American students' performance was at or below the level attained in 1970, 
when the first international study was conducted. The study examined 
achievetnent acrvong students io grades 5, 9, and 12 two dozen countries. 
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Moreover, results rovoalGd that students in Enqlanrf and Japan (and six 
other unnamed countries) outperformed the top American students, v/ho were 
taking advanced courses 1n physics, chemistry^ and hioloqy.. American 
students taking their second year in a high school science course performed 
only slightly better than American students in their first year of study 
and substantially below students from Japan and England- Similar outcomes 
were noted amonq non-science students; British and Japanese non-science 
students outperformed US non-science stifdents. 

riost disturbing among all the studies documenting the decline in 
achievement are results relating achieverTient to soci o-econonic factors 
(Feistritzer, 1985a). Students who potentially stand to profit the nost 
from schooMnq appear to be the ones least likely to succeed* Results from 
the High School and Beyond tabulations conpiled by the National Center for 
Education Statistics reveal that: 

Students who live with both parents, come from high-inco'^e families, 
the top socio-economic status quartile, have relatively highly 
educated parents, with both parents in the hone these students 
score highest on achievement test scores, (Fei stri tzer, 1985a, 

I)* Students who are poor, in the botton SES quartile, live with 
one parent or have some other arrangement, and whose parents have 
little education these score lowest on achievement test scores 
(Feistritzer, 1985a, p. l-Z). 

The rise in numbers of educationally "at risk" children is 
representative of the major demographic changes that have taken place in 
the US population over the last decade. All available evidence indicates 
that the number of "at risk" students will continue to increase. During 
the last decade when the white population increased by only 9.4%, the black 
population increased by 17-9%, and persons of Spanish origin increased by 
61%* Rapid growth in populations has been recorded in the South and iJest 
regions of the US and in cities- One in five children now live below the 
poverty level, and one in five children live with a mother with no father 
Present. fToreover, fi^^e times as many children are born out of wedlock 
today as in 1970 and more than half of all black children born in 1932 were 
illegitimate, with half of those born of a teenager. 

These dranatic changes call for institutions of higher education to 
redefine the qualities necessary in candidates to become school teachers 
and to retrain current teachers to prepare them better for coping with 
today*s students (Feistritzer, 1985a)- At risk students may have 
emotional, social, and learninq needs that are altogether different from 
those of traditional students- Providing instruction to meet the special 
learning needs of "at risk" students may prove to be difficult- In one 
research study instruction was matched to selected student characteristics 
- cognitive style, locus of control, and need level - to improve students' 
attitude and achievement in physical science (Trout S Crawley, 1985). 
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Results of the study identified 5S% of the 301 student participants as 
having unfulffllpd physiological and safety needs and indicated that 
fjiatching on ono, two, or three characteristics did not improve students* 
attitude or achievement* Researchers were led to conclude that "Students 
who are hungry or fear for their safety nay loon as the greatest challenge 
facing educators in this decade of educational excellence" (p, 415), 

Data indicate that too many students study too little science (Raizen 
& Jones* 1965), Teachers spend an average of 17 nlnutes a day teaching 
science in grades K-3 and an average of ZB minutes in grades ^-6, Far less 
tine may actually be devoted to teaching topics selected from the 
biological and physical sciences, since many elementary teachers consider 
art, music, and health to be science (Pyko, 1987)* In grades 7-9, 86% of 
the students an^ enrolled in science, Aqong high school students, greater 
nunbers of malei* tend to study more years of science than do females. 
Collectively, students average conpleting three and a half years of science 
in grades 10 through 12, Asian and Pacific Island students are riore 
attracted to the study of physics (47^} and chemistry (67%) than are whUe 
{21% and 40%), black (20% and 31^0, and Hispanic {17% and 23%) students. 
Students pursuing academic programs study science an average of 2,9 years; 
vjhereas their counterparts enrolled in general programs average 2A years 
of science study; and students enrolled in vocational prograns average 1,7 
years {Raizen S Jones, 1985, p, 101), 

That achievenent in science has undergone a sharp decline in the past 
20 years has been well documented at local, state, and national levels, as 
has been dwindling student interest in studying science. The conplexity of 
the problem is widely acknowledged, but the blane has come to rest all "too 
oftet^ on the declining quality of science teachers. Reports document the 
decline in academic ability cf students planning to becopie teachers, as 
measured by scores on SAT Tests (Fei stri tzer , 1985b). Although the scores 
of students planning to become teachers have traditionally been lovfer than 
those of other students, over the past decade the SAT Test score decline 
has been more dramatic for Prospective teachers than for other students. 
Today's teacher recruits are dravjn from the bottom group of SAT scorers 
{Darlf ng-Hammond, 1934), 

Impending teacher shortages pose iriajor problems for improving the 
quality of science education offered in the nation's schools. In 1981, 
fewer than half of the newly hired teacher> in mathematics and science were 
certified or eligible for certification in the subjects they were assigned 
to teach (National Center for Education Statistics, 1983), The Mational 
Science Teachers Association noted that anong the 200,000 mathematics and 
science teachers in 1982-83, 9* left teaching, 30?i were not fully qualified 
to teach the subjects they were assigned to teach, and over 40% planned to 
retire within the next decade (Aldrich, 1983), Teacher supply and demand 
projections have been developed by nuneroirs agencies, and each agency 
arrives at different projections based on the data it uses. The problem of 
determining whether a teacher shortage really exists or will exist in 
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the future has been the subject of considerable debate. Reasons for the 
differences in conclusions reached center on the question of certification 
vs, qualification to teach, differences among the states as to the rules 
for certification, differences in projected numbers of persons available to 
teach, and the extent to which misassi gnment of teachers occurs (Olson S 
Rodman, 19S7), 

Academically talented persons are seldom attracted to teaching, the 
reports show, and those who do becor^ teachers are anong the first to leave 
the profession. Studies conducted in North Carolina revealed that 
academically talented teachers were among the first to leave teaching, 
lured from the profession by improved working conditions and higher paying 
jobSj and that teachers who scored lowest on measures of academic ability 
were niost likely to remain in teaching (Schlechty £ Vance^ 1981), 
Subsequent analyses using data frotn a national sample confirn^d conclusions 
reached with the rJorth Carolina sample and further found teaching to be 
more attractive to persons with low measured academic ability than to those 
persons with high measLfred academic ability (Vance & Schlechty, 1982), In 
a more recent national sample^ 27% of all teachers said they are likely to 
leave teaching in the next five years^ reaching a high of 36% among urban 
school teachers. Among award winning teachers^ 39" said they expect to 
leave teaching soon (Shankar, 1985), 

Schools and school districts throughout the nation have been placed in 
a bind. Increased course and graduation requirements in science 
necessitate the hiring of more and better qUctlTfied science teachers. 
Unable to find qualified or certified teachers some school districts have 
resorted to hiring uncertified teachers (Currence, 1985) and "making do in 
the classroom,'* In the report titled "Making Do in the Classroom: A Report 
on the Misassignment of Teachers" (Robinson^ 1985), the Council for Basic 
Education and the American Federation of Teachers provided state by state 
docuiitentation to show that assigning teachers to teach subjects for which 
they have little academic preparation is completely legal. Faced with the 
task of offering more sections of existing science courses^ school 
districts have hired uncertified teachers (Currence, 1985) and exercised 
their legal authority in assigning teachers to teach courses in "critical 
shortage*' subjects^ such as Science and mathematics, for which they have 
limited acadetnic preparation. Unfortunately^ only a few states inaintain 
records to document the extent to which teachers are misassigned. State of 
Utah records document for the 1983-84 school year the percentage of 
teachers who had major teaching assignments in subjects for which they had 
neither a college tnajor nor minor - 75,8j£ .Tn general science, 82,1% in 
earth/space science^ 43,1% in physical science (Robinson, 1985, p, 23), 
Records for the state of Virginia indicate that 33,59% of the teachers 
assigned to teach earth science or general science did not hold 
endorsements in these fields (Robinson^ 1955^ p* 24), In Texas, a state in 
which records on out-of-field teaching are not kept» a school district need 
only issue to any certified teacher an Emergency Permit (less than 12 
semester hours preparation) or a Temporary Classroon Assignment Permit (12 
or more semester hoirrs preparation)* No records are maintained by the 
Texas Education Agency as to the extent to which school districts issue 
either Emergency or Temporary classroom Assignment Permits, The 
misassignment of teachers is both legal and a conmon practice. 
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Teaching appears to havo lost its appeal [Darl i ng-Hanrhonrf, 19c;4). 
BeginnTng salaries are lower than those in virtually ell other fields 
requiring a bachelor's tJcgree and they have continued to lose ground over 
the past years, even when adjustments are nacle to reflect a 12 month salary 
equivalent, rioreover^ teachers' salaries reach a ceiling much sooner and 
at a much lower level than do the salaries of other college-educated 
workers, Asked if they uould still becone a teacher if they could start 
over again, nearly 40% of the teachers surveyed in 1980-81 said "no" 
(Darling-Hammond^ 1934, p. U}, The best qualified teachers are the nost 
dissatisfied, citing salary and working conditions, bureaucratic 
i nterference^ lack of administrative support, and too little autonomy as 
reasons for their dissatisfaction. 

The decline in science achievement combined with dramatic changes 
taking place in the profile of t^: school population will present 
formidable challenges to science teachers in the coming decade. Talented^ 
highly skilled science teachers will be needed. Unfortunately, the reforms 
that have been proposed (and enacted in nany states) may further exacerbate 
the disparities between the educational needs of tomorrow's students and 
the abilities and capabilities of persons who want to become teachers. 



Reform 

The year 1983 has heen called the Year of the Report on Education 
{Education Commission of the States^ 1983), During the short timespan of a 
year^ nine major reports had been released advocating major changes be made 
in precollege education. The changes called for in the reports^ if 
enacted^ would place enormous strains on the Nation's teaching force, 
particularly persons teaching science and mathematics. The Paideii 
Proposal (1982) presented a philosophy of how all students should learn and 
teachers should teach. Governors and business leaders joined forces to 
emphasize the connection between education and international 
competitiveness in the report Action for Excellence (1983). That Sftme year 
the National Science Board's Comnission on Precollege Education in 
Mathematics^ Science and Technology issued the report Educating Americans 
for the 31st Century (1933) in which the importance o^ mathenatics, 
science^ and technology were stressed (along with the humanities) for all 
students regardless of ability or interest. Academic Preparation for 
College , published by the Education Equality Project of the College Board 
(1983) spel led out what students should know and be able to do after twelve 
years of schooling. The federal role in education was the topic of the 
report flaking the^_Grade issued by the Task Force on Federal Elementary and 
Secondary Education Policy of the Twentieth Century Fund (1983), The 
National Commission on Excellence in Education (1983) in its report A 
Nation at Risk also focused on elenentary and secondary education, 
emphasizing the shortcoPii ngs of the present educational systen and calling 
upon its readers to demand more from schooling, A summary of the actions 
and policy changes underway in education was presented in tlie Southern 
Regional Education Board's (1983) report Meeting the Need for Quality:, 
Action in the South , It is important to note that only tv/o of the major 
reform reports issued in 1983 are based upon research studies and field 
workj A Place Called School (Goodlad, 1983) and High School: A Report on 
Secondary;, Education in America [Boyer, 1983). The lack of a research base 
for trost of the reform reports has not gone unrioticed. 
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A stronf] plebian [sic] caste is evident as tho reform novemonts are 
reported as modern expressions of populTSn, Chester Finn writes that 
the 'reforms are more concerned with results than nedanooy-* ^i^d the 
major ntovenents have been coT:iposed by laytnen. Because of this they 
have never had the support of th^? academic research conmunity,' In 
the words of people from each coast, 'The [movement] is the opposite 
of rational; the rt^rorts are not research reports, and the political 
leaders' responses are rarely based on caref^il research,' *People 
v/ould he horrified to discover hovj superficial the bases for many of 
these changes are,* (Chance, 19S6, p, 2), 

The I^atTon at fiisk report (f^atfonal Comnission on Excellence in 
Education, 1083) had significant shock effect and v;as intended to present a 
compelling argument th^it public attention was needed to improve the quality 
of precollege teaching and learning. It stated the problepis of education 
in a particularly poignant and effective language, its authors alerted the 
public to the inpending doom facing the Nation - ",,,the educational 
foundations of our society are presently being eroded by a rising tide of 
mediocrity that threatens our very future as a nation and a people;'^ "if an 
unfriendly foreign pov/er had attempted to inpose on Anerica the mediocre 
educational performance that exists today, v/e mioht well have viewed it as 
an act of war;" and "the average graduate of our school and colleges today 
is not as vvel 1 -educated as the average graduate of 25 or 35 years ago,,,," 
The report also identified five ne^/ basics and their requiretnents - four 
years of Enqlish, three years of mathenatics, three years of science, three 
years of social studies, and one-half ye^r of computer science^ with two 
years of a foreign language for the college bound. 

The National Science Board's Commission on Precollege Education in 
Mathematics, Science, and Technology (19S3), rather than recount the many 
studies documenting the decline in the quality of education, issued a set 
of reconnendations for inproving the quality of mathematics and science 
education, defining these subjects as part of the "new basic" needed for 
all children. The HSB CoiJimi ssion 's report Educating Aniericans for the ^Ist 
Century {1983) called for pronpt action at the federal level: "By 1995^ the 
Nation nust provide, for all its youth, a level of mathematics, science and 
technology education that is the finest in the world, without sacrificing 
the American birthright of personal choice, equity and opportunity" (p, v). 

The NSB Commission called for dranatic changes in precollege science 
and qathematics education in an effort to improve student achievement. The 
Commssion*s report urged strong leadership at all levels - appoint a 
National Education Council to oversee implementation of Commission's 
recommendations, establish a Governors Council in the states to develop and 
monitor change programs, foster partnerships with business, government and 
acadeoia to address problems at the local level, and monitor student 
achievement and participation in science in such a manner that enables 
localj state^ and national evaluation and comparison of progress, 
"Excellence and elitism are not synonymous'^ (NSB^ 1983, p, vii)^ in the 
language of the Commission's report, and all students are to be expected to 
gain an understanding of mathematics, science^ and technology. National, 
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state, and local governments ^irt? to bo called on to estahlUh landnarks of 
ejtcelience - ^s^onplary or nodt?l programs, in vjhich sti.idents of diverse 
backgrounds ejthibit high achievonQnt and schools have strong lios to local 
resources. The Commission also called for inore science to he taught in 
elementary schools and for secondary school students to bo required to take 
more science and mathematics for graduation, Curriculinii development and 
evaluation, research into the processes nf teaching and learninq, 
evaluation of the new technologies available for learning, and integration 
of infornal learning experiences into the lives of students received strong 
endorsenents in the Comrniss ion 's report* 

The NSB Conmission's report also called for sweeping changes in the 
professional education of science and mathenstics teachers* Teachers v^ere 
identified as the key ingredient in notivattng and maintaining student 
interest in mathematics, science, and technology* Initiatives were urged 
on three fronts: retraining current teachers, improving the training of 
incoming teachers, and locating qualified teachers fron non-traditional 
sources* Federal funding was urged for retraining programs in science for 
all elementary and secondary school teachers to be offered in each state 
over a five year period and for seed money to develop and establish 
statewide or regional on-site teacher training programs using the new 
information technologies* Higher admissions^ curriculurri, and graduation 
standards were advocated for mathenatics and science teachers^ including a 
strong background in rnathematics and science for prospective elementary 
school teachers and an academic major in college mathematics or science for 
prospective secondary teachers. Industry, universities, and the military 
were cited as likely sources of retired scientists, engineers, and teachers 
to fill the gaps e3<isting in the science and mathematics teaching force* 
To meet the continuing education needs of science and mathematics teachers, 
tbe MSB Commission advocated that "Every state develop at least one 
regional training and resource center to provide a variety of supporting 
services for mathematics and science teachers (including computer 
instruction and software evaluation). These centers could also serve as a 
local focus for the participation of business^ educators and government^ 
and would include equiPnent for assistance in technology instruction" (NSB 
Commission^ 1983^ p- 35), 

The professional education of teachers has been the subject of reforms 
proposed by the Holmes Group and the Carnegie Forum on Education and the 
Economy* Formed by Deans of Colleges of Education at major research 
institutions in the nation to e3<plore ways to improve teacher education 
programs and the teaching profession^ the Holmes Group's efforts resulted 
in the publication of Tomorrow's Teachers (Holnes Group^ 1986), in which a 
program of reform is proposed^ obstacles to change are described^ and a 
commitment to action is affirmed* The task of improving teacher education 
programs and the teaching profession rests upon two assuiriptions: "the best 
educator is the one who is best educated and the real professional is one 
who is permitted and encouraged to use e3<pert knowledge and skill 
aiJtononously in the intelligent and responsible delivery of high-level 
services" (Soltis, J*F*, 1907, p. 311)* 
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The HDlnes Group proDosGS najor changes in the licensing of teachers, 
establishing a three^tier system.. The beginning teacher is TSsued ^ 
nonrenewaMe, t^?:^pOf^.1ry license* which is Liood for fi\/e? years* The first 
professional certificate, the Professional Teacher Certificate, would be 
granted only to teachers who had conpleted a fnastor's degree in teaching. 
The highest level certificate, the Cdre^r Professional Certificate, would 
carry the aciclitional reciuirenents of outstanding perfornance in the 
classroom and ad^/anced acadenic training. 

The differentiated staffing proposed by the iioliries Group may he 
counterproductive* Many schools and school districts strapped with 
financial pressures to reduce school budgets and the cost of education will 
be forced to hire large numbers of instructors at lower costs (Apple* 
W., 1987). The nost highly trained teachers will nost likely be found in 
schools that offer attract! ve worki ng conditions and salaries, Nev/ly 
licensed teachers will be hired to teach in lower paying school districts 
and Placed in schools in which the working conditions are less attractive. 
These schools tend to serve less-advantaged students, who pose greater 
challenges to school staff, resulting in fewest resources being allocated 
for supervision and school inprovenent in those schools that need them the 
most (Oarling-Hammond, 1987, p, 357), 

The Holmes Group also proposes changes for universities and schools, 
Anong the changes for universities are the elimination of the undergraduate 
education najorj strengthening education in the acadenic subjects, 
developing coherent programs of advanced study In teaching emphasizing 
research on human cognition and subject specific teaching and learning. 
Schools and universities are urged to form stronger links with one another 
by establishing professional developnent schools, bringing teachers, 
administrators, and university faculty together to inprove teaching and 
learning, sending expert teachers into the universities and more university 
faculty into the schools. The partnership between universities and schools 
would ultimately improve the gual Uy of teaching and learning for all 
students and at the same time provide coordinated training programs for 
prospective teachers. Creating professional development schools in olaces 
where large numbers of new teachers are employed would also help to improve 
the guality of education in schools unable to attract highly experienced, 
competent teachers (Darling-Hanmond, 1987, p, 357), 

The report of the Carnegie Forum on Education and the Economy (1986), 
A Nation Prepared: Teachers for the 2l5t Century , calls not for repairing 
the nation's educational system but rebuilding it ",..to match the drastic 
change need in our economy if we are to prepare our children for productive 
lives in the 21st century" (p, 14), What is called for in the Carnegie 
report is improved education to strengthen the nation's econonyj although 
it has been noted that there are no data to suggest that science education 
actually increases economic productivity (Chanpagne ^ Hornig, 1987, p, 11)* 
To improve teaching, the Carnegie report advocates a national board for 
certification, restructuring schools to provide a professional environment 
for teaching, restructuring the teaching force, bringing nore minorities 
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in the teaching r3nU» r&latinc) incentives for te^^chers to stuiicnts' 
perfornance, requiring a bachelor's degree to beqin professional study, and 
developing the master of teaching dedree. Most dranatic anong the "nany 
reforns Proposed in the Carnegie report is the call for a four-tier teacher 
salary scale ranging fropn SIS, 000 to S35,00n ner year for licensed, 
non-certified teachers to 552,000 to S72,00O per year for lead teachers 
enployed in wealthy school districts, 

Major changes have been proposed in high school nraduation 
requirements and curriculum standards since the flurry of education refom 
reports released in 1933, Ry 1985 forty-three states had raised high 
school graduation requirements, with some states establishing special 
diplomas for college bound students (Staff, 1985}, Virtually all reform 
reports condernned the Practice of assigning students to separate tracks, 
citing many self-image and motivation problems students experienced v;ho are 
assigned to the low, non-college bourJ* or vocational track (Felt^ 1985), 
In most states graduation requirements in science, which ha^i remained 
unchanged for 25 years (Department of Education, 1985), were raised from 
one to two years, with some states still requiring only one year but others 
recfuiring 3 years, A few states included the additional stipulation that 
one or both of the two years required In science be net with a laboratory 
science course (e,g,, Rhode Island, South Dakota, Washington), The NSB 
Commission recommended three years be required in science and technology 
education {including one semester of copiputer science) for high school 
graduation. In the Source Materials (NSB Commission, 1983) reports from 
working groups in biology, chemistry, and physics unanimously recommended a 
reduction in the number of topics covered in a typical course in favor of 
an indepth coverage of basic principles and integrat^^'i of the sciences. 
Biology^ chemistry, and physics courses should stress, the acquisition of 
subject-specific knowledge and utilization of the knowledge in personal and 
social contexts. 

From governnent commissioned reports to local task force studies^ 
almost everyone agrees - more science needs to he taught in the schools but 
a different kind of science is needed (Jackson, 1983), The kind of science 
needed has been the subject of considerable debate in the community of 
science educators. What should be the goals of science education - 
knowledge acquisition (pure science) or knowledge ijtilization 
(science/Society)? Advocates of the science/society emphasis stress the 
interrelationships between science and society and recommend this emphasis 
comprise the domain of science education, A "nav vision" of science 
education is needed because in rrost courses science is taught more as a 
vocabulary than at a cognitive level that has a potential for critical 
thinking and application^ which fails to meet the intellectual and 
knowledge detnands of a science and technology oriented society (Hurd» 
1984), What is called for is a redefinition of science education to be the 
study of the science-society interface. Emphasizing the mutual interaction 
between science and society offers better justification for the study of 
science in grades K'12 and provides greater opportunity for research in 
science education to affect practice (Vager, 1984), The new approach would 
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better serve the needs of all students, not just future scientists, and 
would remove the elitist vic\>t of science education (Yager, 1985), Critics 
arque that a study of the science/society interfcice overemphasizes the 
sociological and political aspects of science education and assert that 
science education is the , ^di sci nl i ne that bears the responsibility of 
leading students to learn hov/ to search for knowledfje in the biological and 
physical worlds," (Good, llerron, Lav/son, A Renner, 1985, p, 140), Tlie 
debate centers on the distinction betv/een ediictition in science and 
education about science, and each vievi addresses different populations of 
students (Darrentine, 1936), Both canps hcive been criticized for failure 
to recognize education as a social institution which nu';t provide for the 
needs and continued developiient of individuals ^^nd at the sane time fulfill 
the requirements and aspiration of a denocratic society (Bybee, 1987), 

There appears to be more to the pure science vs, science/society 
debate than meets the eye. The confusion about purposes reflects the 
general American debate about excellence and opportunity, whether the 
requirement is for more excellent scientists identifying and drawing on all 
the available student talent^ or an entire work force v^hich has 
wel 1 -devel oped skills and knowledge in mathematics^ science^ and 
technology, "Either way leads to reforms in the formulation of science 
education but the task facing the teacher is quite different in each case," 
(Harvey a riarsden, 1966, p, 138), To improve the nation's economic 
competitiveness in the international marketplace requires workers with a 
high degree of scientific and technologic literacy. The ways of pure 
science, stressing an analytic conceptual style and high levels of analytic 
abstraction, are not central to most contemporary occupations, resulting in 
a mismatch betv/een the objectives of science education and both the 
conceptual styles schools seek to develop and the market for these skills 
(Cohen, 1987). 

Teacher preparation and advanced academic training will be in great 
demand as local school districts struggle to meet the challenge of expanded 
graduation requirements, to develop and make available to students science 
programs responsive to the needs of society in the ?A$t century, and to 
improve the quality of teaching and learning for an ever-increasing 
heterogeneous group of students. Continuing education will play a central 
role in meeting the needs of teachers seeking the advanced training or, for 
example, an Advanced Certificate, as is required of teachers seeking to 
reach level three on the proposed Carnegie salary scale. According to the 
Carnegie report, '7hese candidates nust be acquainted with work at the 
frontiers of the subjects they teach, ,, ,f ami H ar with a wide range of 
sophisticated materi^Js, emerging uses of technology, and approaches 
available to help students with especially difficult problens," (Carnegie 
Forum, p, 78), 
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Institutions of hiriher education have historically nlayed a key role 
in reforming and improving precollege sclonce education. Their 
contributions to current reform efforts have the potential to be no less 
significant than they v/ere just three decides ago when the NSF relied 
heavily on the talent of scientists and science educators to chart and 
direct its extraordinary experiment in curriculum development. Today a 
different type of involvement is needed. Reform reports of the 1900*s call 
foi* deyelopr:»ent of "science for all*" a true program iyt science 

education, not another overhaul of precoilege science education programs to 
better prepare people for university study in the sciences. 

Higher education must commit its resources to charting and directing 
an improved prof]ram of science education through the work of its 
centers of science {and ryathematics ) education. Traditionally* however, 
there has been little reward in research universities for faculty who spend 
their time working with schools and school systens. Many questions 
remained unresolved roQardincj the role of the research university with the 
newly proposed prograns of professional education (Lieberman, 1987), In 
accordance with new needs, centers are hest positioned within the 
university and school communities to bring together scholars in science, 
science education, education, and persons in the business community to 
collaboratively work for the improvement of K-12 science education prograns 
through research and developnent - in preservice science teacher 
preparation programs, in graduate programs in science education, and 
particularly in continuinq education, Preservice science teacher 
preparation programs have been the subject of study by various prestigious 
cor^missions , and their recommendations have been discussed in this chapter. 
Moreover, graduate programs in science education are frequently reviewed 
and evaluated in an effort to nake the courses and experiences offered to 
graduate students more responsive to the neef'<; of scholars and 
practitioners (e,g,, Barufald^. Crawley, Holi day, ft Yeany, 19S7), 

Continuing education prograiTis have a history of neglect by higher 
education. They have represented little more than special training 
sessions hastily conceived and poorly organized by school district 
officials, usually led by a paid consultant* to meet local and state 
requirenents for inservfce training with very little research utilized to 
guide practice. To add to the problem, scant mention has been made in 
recent reform reports of the need for and role of continuing education as 
an essential support system to sustain any gains that may be realized as a 
result of recent educatiofial chariges enacted at the local, state, and 
national levels. Continuing education programs in science education offer 
a means for higher education institutions, through their centers of science 
education, to meke a long term commitment to improve K«12 programs in 
science education at the local level. Centers are best suited to 
establish, maintain, and sustain K«12 science education programs that 
develop a high degree of science and technology literacy among all 
students, rivaling the level attained by the Japanese, 
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Continuing eflucation prograins are envisioned to inclu'ie the following 
conponents: research, inservice, suminer institutes, local consortia, and 
clearinghouses. Though identified as one of five components, research Is 
both unigiie and common to all aspects of continuing education programs for 
science teachers* Research alone is insufficient when isolated from 
professional practice* Conversely, professional practice isolated from 
research contributes little to the overall inprovement of the knowledge 
base in science education and the improvement of the science education 
profession* 

Research is an essential ingredient in the continuing education of 
science teachers. Although there are many local and regional problems 
related to science curriculum, students, teachers^ and instruction, there 
are basic questions common to all teaching and learning in science 
education that denand imnediate attention fron researchers in centers of 
science education. These basic questions were the subject of a conference 
sponsored by the Lawrence Hall of Science, the Graduate School of Education 
at the University of California, Berkeley, and the National Science 
Foundation (linn, 1986), Recommendations were made for researchers to 
build a strong foundation for needed innovation in science education by 
understanding the nature of science learning, ",,*to explore in greater 
detail such questions as how students develop a world view, reason about 
new information, and solve problems in science," (Linn, 1986, p, 23), Easy 
ansv;ers to the questions are not likely to be found, given the declining 
quality of science teaching and learning, the dwindling supply of qualified 
science teachers, the fast increasing numbers of "at risk" students, and 
the diversity of conceptual styles students bring with then to the 
classroom. Once a better understanding of science teaching and learning is 
developed, strategies must be explored to insure more effective and timely 
use of research findings. Centers of science education are envisioned to 
play a key role in both the developnent and iiiiplementation of the research 
findings* 

Centers of science education are ideally positioned within the 
university and school communities to develop and conduct inservice 
education programs design'^d to bring about needed changes in science 
teaching. First, inservice education programs must provide opportunities 
for underqualtfied science teachers to improve their knowledge of 
fundamental concepts in the science course(s) they are assigned to teach* 
Even anong qualified, experienced teachers knowledge is likely to be 
outdated iind in need of updating* Second, inservice education programs 
offer an excellent opportunity to disseminate research findings to teachers 
to improve the quality of science teaching and learning of all science 
students. The traditional approach to science teaching is to offer one 
mode of instruction to all students. Aiming towards the middle may serve 
the learning needs of only one third of the students* Mastery learning and 
teams games tournaments are two instructional innovations few teachers make 
use of that have been shov/n to be effective with diverse as well as more 
uniform groups of students (Ualberg, 1983), Third, inservice education 
offers an effective means for providing teachers with the training needed 
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to get then involved in conducting research in thei r ' sc7 ence classrooms. 
For example, the "Every Teacher a Researcher" project sponsored by the 
National Science Teachers Association's Research Committee has shown 
teachers to be eager to become involved in research that they perceive to 
directly ifnpact instruction (Gabe] , 1986), Research on the misconceptions 
students bring to physical science instruction, for example, offers 
teachers an opportunity to explore an area of science teaching and learning 
with profound implications for the nature and kind of instruction offered 
to students (Minstrell, lb32). Regardless of the type of training offered, 
inservice education must be viewed as a problem of instructional change in 
schools in addition to program and faculty development, and nuEnerous 
organizational constraints must be considered if the program is to become 
part of a cont^'nuing educational effort (Carey ^ Marsh, 1980), 

Sumner institutes have long been attractive options for teachers to 
upgrade their content knowledge and teaching skills. When planned in 
cooperation with science faculty, science teachers, and business 
representatives, summer institutes have the potential for bringing about 
major changes in teachers* understanding of science/technology and 
effective science teaching practices and subsequently improving the level 
of understanding of science and technology acquired by science students. 
One of the most memorable and professionally rewarding aspects of the NSF 
curriculum project era for science teachers in the 1960*s were the 
institutes. Prior to this time most science teachers were isolated from 
teachers within their school district and seldom met with other teachers 
within their state and region, With the advent of the flSF*s summer 
institutes, teachers were brought together to learn more abojt the subject 
they taught, exchange ideas, share problems, and become affiliated with a 
core of university and school persons who shared a mjtual interest in 
i nstructi^nal improvement , 

The dissemination type of institute of the NSF curriculunn project era 
is not wnat is needed today. The denands of a new information society are 
to improve the science education of all children, not just the few who may 
be interested in pursuing careers in science or engineering. Summer 
institutes must be responsive to the science education needs of the local 
community - for improved curriculum, for improved teaching methods, for 
improved means to relate science with the community and other subject 
areas, and for renewal of teachers' skills and interest in science 
education, Needs of such proportion require careful, systematic planning, 
recruitment and selection, program development and operation, participant 
support, evaluation and follow-up (Council for Basrc Education, 1986), 
Teachers who excel in summer institutes mignt join a cadre of local 
resource staff and be enlisted to work with science teachers throughout the 
district, state, or region conducting inservice education programs and 
serving as assistant instructors in sjbsequent summer institutes. 

Local consortia provide an opportunity to bring together a cadre of 
Persons to form a community of professionals who are interested in 
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developing and sustaining science education programs that address local 
needs. Modelled after acadenic alliances (see for example Livernore, Roth, 

Stanin, I98f and Gaodiani Burnett, 1985}, local consortia offer the 
possibility of developing and sustaining a renewed excitenent amng science 
teachers for teaching scTGri:;e* Centers of science education are in the 
unique position to foster collaborative arrangenerts anong science 
teachers, parents, local business representatives, professional 
associations, and university science faculty. The purpose of the local 
consortium IS to provide science teachers with an opportunity to meet 
regularly to- (1) discuss instructional problems and concerns, (2) describe 
'*model programs" in operation in their schools, (3) acquire information 
about projects on the frontiers of science and technology within the local 
community, and (4) learn about recent research results of imnortance to 
science teaching practice. Consortia could serve as a vehicle to keep 
teachers inforfTied about national and international research projects in 
science education, to help teachers obtain outside assistance with local 
instructional problens, and to initiate research projects. For example, 
projects might address the problens of teaching "at risk" students, 
attracting women and minorities into science and science teaching, using 
investigative approaches to teach science, using informal science learning 
opportunities to enhance formal instruction, and enlisting parental support 
for science teaching and learning. Consortia offer an excellent forum to 
inforn teachers of cross-cultural comparisons of science achievement and 
learning, especially when the results offer helpful insights for improving 
local programs. For example, science teachers need to be informed of the 
differences in parental beliefs and attitudes regarding children's academic 
performance in Japan and the United States (Stevenson, Lee» S Stigler, 
1986), 

Centers of science education can serve as clearinghouses and resource 
repositories for locally developed curriculum materials that have been 
shown to be effective and for old and new science curriculum materials, 
Fev/ of today's practicing science teachers had the opportunity to 
participate in a summer institute during the X960's or make use of any of 
the many curriculum materials developed with funding fron the NSF, Unknown 
to most teachers, projects developed during this era contain many novel, 
inquiry-based, process -Oriented activities and investigations designed to 
teach one or niore basic concepts in a specific subject r _ld and can be 
used successfully with students of ahove average abilities and interest in 
science. Copies of textbooks, teacher's 9uide$, laboratory manuals, and 
other supplementary niaterial developed with NSF funds, though not 
commercially available today, can be located and purchased from conpanies 
who specialize in the sale of out-of-print books, and made available to 
science teachers. Professional science and science teachers' associations 
have sponsored curriculum development projects targeting specific groups of 
Students and specific curriculum objectives; the American Association for 
the Advancement of Science is but one example of a professional association 
that has developed curriculum materials and assistance programs for 
teachers in response to the current crisis in science education (Staff, 
1986), 
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Continuing education programs for science teachers offer an excitTng 
opportunity for institutions of higher education to become active partners 
m improvTng the quality of science teaching and learnTng, grades K-IZ* 
FurthertTiore, the special knowledge and skill of faculty in centers of 
science education offer the nation's schools an invaluable resource for the 
improvement of science education for all students, regardless of their 
career or educational goals. Through a carefully planned and organized 
program of continuing education university science educators have a rare 
opportunity to becone involved in active re^iearch programs that can have a 
lasting impact on the practice of science teaching. 
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Our standard assjnption is that research can improve teaching and 
teacher education, and thct the process is rather direct and 
straightfonvard. Even though curriculun innovation and inplementation are 
now research areas in their own right, taking on increasing complexity as 
research proceeds, we seen not to have reexamined our assumption. It is 
easier to do inore research v.han to ask how research improves teaching. The 
education of teachers of science is as problematic as any curriculum area, 
because our assumptions of the relationship between research and practice 
are based on those that apply in the natural sciences, 

This brief chapter is constructed on the contrasts among three images 
of teachers, riany images are possible, but I was intrigued when 1 noticed 
the phonetic similarities anonq three very different images: Are teachers 
best thought of as defective? Our traditions of supervision in both 
Preservice and inservice context seen to rely heavily on this inagSj as 
"experts" observe and then suggest changes to improve one's teaching. Or 
are teachers better thouqht of as effective , as recent research on teacner 
effectiveness would suggest? If we can show all teachers how their most 
successful colleagues teach, the evidence that those practices are 
effective nay encourage their use by most or all teachers. Or, as Schon 
(lg83) suggests, should we think of teachers as reflective , developing 
their professional knowledge-in-action by uniting research arid practice, 
continually reframing their i^orld of work in response to puzzling or 
surprising events of practice? 

The terfn "image" is used in its very broadest sense, with special 
interest in how we see the science teacher's practical knowledge in 
relation to research and to experience * As I explore the consequences of 
Schon s perspective for activities in science teacher education, I am 
impressed by the suggestive power of the reflective image* riy task in this 
chapter is to develop comparisons among the three images defective, 
effective, and reflective — to illustrate why 1 believe that we will see 
the greatest improvements in science teacher education when we shift our 
premises from images of teachers as defective or effective to an image of 
teachers as reflective about their work, 1 make no assumption that the 
shift will be quick or easy, U will require a reflective stance among 
science teacher educators as v;ell. 



HOU DOES RESEARCH RELATE TO PRACTICE? 



In the analysis that follows, I draw on the contrastinn perspectives 
presented by Schon (1933) in The Reflective Practitioner * Schon argues 
that our culture in general and our universities in particular assume a 
model of "technical rationality," with probler:is of professional practice 
indicating what research is required to inform further practice. Those who 
do the research are not_ those who experience the problems of practice. 
Those who practice their profession with clients are not those who do 
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the research, yet they are expected to improve their Practice by applving 
the results of research. If the relation of theory to practice is a direct 
one, as suggested by our everyday language ("putting theory into practice") 
and by our school -uni versi ty relationships (researchers based in 
universities are the ones v^ho studv what happens in schools), then the 
images of "defective" and ^'effective" teachers serve us rather well. 
Teachers are judged on their teaching behavior; researchers ar^ judged on 
their ability to think about how teachers teach. 



The "Defective" linage 

Those who know "theory" can use theory to recognize "defects" in 
teaching behavior. Supervision can then be seen as a process of telling 
teachers vjhat their defects are, so that the defects nav be corrected. The 
tradition goes back to the early decades of the centuryMCal 1 ahan, 1962), 
Somehow, clinical supervision (Goldhamper, 1969; Cogan, 1973) persists as a 
poorly understood and tirJie-intensive variation that resists the ''defective" 
image, by including procedures that involve the teacher as well as the 
supervisor in 'vhe analysis of observed teaching. Those who study 
curriculuiri innovation and implementation understand very well that the 
niajor science curriculum development projects of the 1960s (PSSC, BSCS, 
Chen Study, Project Physics, and so on) made similar assumptions about 
theory being put into practice directly and easily. The implicit image was 
that of the "defective" teacher, presenting out-dated content with teaching 
strategies that failed to develop valid views of the nature of scientific 
i nqui ry , 

Replacing old content with new proved easier than replacing old 
teaching strategies with new. Summer institutes for science teachers 
focused on correcting ( "defecti ve'^ ) teachers' knowledge deficits, and did 
so with teaching strategies that fell far short of the new ones that 
teachers were expected to use, McKinney and V/estbury (1975) paint a 
detailed picture of how one group of science teacher's reverted to the 
"traditional" science curricula, after the federal funds accompanying the 
new materials had been used to renovate old laboratory facilities and 
Purchase new equipment. The teachers could and did think about what they 
were doing, and the "defective" image did not succeed. The report by Welch 
et al, (1981) updates the 20'year experience of seeking more "inquiry" in 
the teaching and learning of science. 



The "Effective" Image 

Perhaps encouraged by concern about declining achievement scores in 
some jurisdictions, several types of research in the 1970s focused on the 
"effective" teacher. The names of Good and Brophy are closely associated 
with efforts to identify relationships between clusters of teaching 
behaviors and test scores of student achievement. Good, Grouws , and 
Ebmeier (1933) show the results of this approach in the study of 
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elementary n^ithernatics teaching. The work bv Fisher et al , (1980) prodi^ced 
the CQncept of "academic learning time/' and materials now available from 
orqanizations such as the Association for Siipe^^vision and Curriculun 
Development show how strong is the pressure for teachers to hecome more 
"effective'' hy increasing the proDortion of tine that students are ''on 
task" with medium to high success rates, Researchers' implicit emphasis on 
teachers being "effective" is also apparent to studies of teacher thinkinrj 
that focus on decision-making strategies of successful teachers. 

The "effective" inage seems to be the positive side of the negative 
perspective in the "defective" image; the direct relationship between 
theory and practice remains the same. If one knows v^hat research has shown 
to be '^effective practice," then one is in a position to observe teachers 
and identify ways in vjliich they can become more "effective," This position 
may be applied individually or in group activities of inservice education 
or staff developnent. Again, the basic model for the transmission of 
research knowledge applies: tell teachers what effective practices are and 
expect them to adapt their practices accordingly, with little difficulty. 



The "Reflective" Image 

Schon's (1983) analysis of the relationship between research and 
practice across many professions helps to explain why the images of 
"defective^' and "effective" practitioners are so widespread, and why 
alternative images are so difficult to sustain, Schon traces the roots of 
^'technical rationality" to our universities and their decision* late in the 
nineteenth century* to attach the highest importance not to teaching but to 
research that would produce new knowledge for the solution of problems of 
professinal practice. The essential implication is that research is 
separate from, not an integral part of, the work of the practitioner. For 
Schon, the most telling consequence is that the practitioner's 
"knowledge-in-action" goes unrecognized, ignored in our efforts to improve 
professional practice, 

Schon goes on to sketch the outlines of an epistemology of 
knowledge-in-action, in which the central element is a process termed 
"reflection-in-action,'* This is, of course, the source of the image 1 
designate as ^'reflective," in contrast to the "defective" and "effective" 
images built on the epistemology that we have all come to take quite for 
granted, 1 will not detail here the epistemology of reflective 
professional practice that Schon sees at the heart of artistic practice 
that improves by reframing one's work in response to puzzling and 
surprising events. My specific interest is in the resulting integration of 
research with practice. Practice with research. 
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CONSEQUENCES OF A RESEARCH-AriO-PRACT ICE PERSPECTIVE 



There are anany reasons why it will take us decades to make sfgnificant 
changes in science teacher education, even if the alternate epTstenxjlogy 
outlinec^ by Schon is taken up by significant nunbers of science teacher 
educators. Perhaps the greatest challenge to chan^ie will be the 
researcher's need to define an alternative role» based on research purposes 
other than tellinq others how to bo less "defective" or more "effective," 
One obvious route Is for the science teacher education researcher to become 
"reflective" about the practices of science teacher education. All that 
has been taken for granted for so long now has the potential to become 
problenatic. Where is the literature in which we deal* individually and 
col lect i vely J with the puiiles and surprises of science teacher education? 



Learning^ow to Teach 

fly own early attempts to relate Schon's argument to ny work In a 
preservice methods course for beginning bfology teachers have led me to 
assert that we do not understand the process of Iearn1n9 to teach, Ue have 
always known that practice teaching is the most valued aspect of our 
prograins, but we have assuned that our courses make jong useful 
contributions to the Process of learning to teach. We have assuned that 
what we can tel 1 our students about teaching science and what simulated 
experiences we can provide In the university setting can be translated by 
our students into improved action as they begin to acquire science teaching 
experience. 

Perhaps we should see it as remarkable, puzzling, even surprising^ 
that So many beginning teachers survive the first year of teaching, that 
most intensive and exhausting of the years now being designated as a period 
of "induction" into the teaching profession. Those of us who have learned 
to teach have survived those early years» but we rarely seem to understand 
how we learned to teach. We tend to rernenber our first years of teaching 
with a sense of relief that the work did becotre easier, less complex, and 
less time-consuming. No one asked us what it like to learn to teach, 
and today few of us ask our students vjhat it is like for them to learn to 
teach. Although It seems valuable to recogniie that there are stages in a 
teaching career (see Benner, 1984, for an interesting account of stages in 
a nursing career), "induction" may be an unfortunate and r^isleading term. 
It is not at all obvious that those with experience recognize the 
importance of helping the novice make sense of experience, tlaking sense of 
early teaching experience would seem to be part of a process of becoriing 
"reflective" about one's teaching practices. 
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The Challenge to Teacher Education Progrfinis 



The contrast between an epfsteriolo^jy of technical rationality anri one 
of reflective practice (Schon, 1983) places our present science teacher 
education prograns squarely anonp those who hold inafles of science teachers 
as ''defective" or "effective*" l/e see novices as lacking in the many 
skills of teaching. In fact, they are very faniliar with teaching, but 
they lack experience of^ teaching. To modify science teacher education by 
incorporating findings of teacher effectiveness research is not a 
fundanental shift or Tmproveinent in our enterprise. Both ''defective" and 
"effective" images neglect the role of experience in becoming a science 
teacher and the role of practical knowledge in becoming a better science 
teacher. 

To see science teachers as "reflective^" rather than "defective'' or 
''effective^" is to adopt a distinctively different view of science teacher 
education, both preservice and inservice* To "see" the potential of the 
"reflective" image of the science teacher requires one to begin to be 
reflective about one's own science teacher education practices, fiy 
attending to the role of experience in learning to teach, or to teach 
better, vje move toward a new view of the relationship between research and 
practice. We have never nade much Progress in developing the "theory" 
that, following science, we assumed was the goal of research in science 
education, l/e have never had much evide"^ce that the theory we teach can be 
related to practice directly. Perhaps that will make it slightly easier to 
develop a rew image of research linked to a "reflective" inage that credits 
science teachers and science teacher educators with the ability to be aware 
of and reflective about the effects of their day*to-day practices as 
teachers. 

The "defective** and "effective" images have long encouraged us to take 
it for granted that science teacher education programs should be designed 
as though theory and research can be put into practice directly. With a 
"reflective" image of teachers at work, our science teacher education 
Programs and our associated research would be very different, I believe 
that this image has the potential to generate profound inprovement in our 
enterprise. It may also yield the appealing benefit of our coming to 
understand how one learns to teach. We may even be able to explain to 
teacher education's many critics why teacher education is so complex, and 
so easily misunderstood. 
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INTRODUCTION 



The concern of thfs chapter is for what is known variously as 
"scientTfic thinking," "the processes of science, " "scientific processes," 
"inquiry skills," and, sometimes, "scientific method/' All these* which 
here will be ternod 'scientific thinking/' have become significant in 
science education and Tn the preparation of science teachers, as I show 
below, I^ornally, the popularity of any concept or approach in the 
iTterature of science education is no cause for agitatTc^* But the case of 
"scientific thinking" is rather different, becai^se the concept itself is 
problematical. And as a consequence^ everything that we do with it in the 
name of teacher preparation becories Problematical, Indeed, there is a very 
real danger that talk about "scientific thinking" can mislead future 
teachers of science, thereby limiting their ability to reflect critically 
upon their Own professional practice as vjel 1 as upon the research 
literature that seens meant to inform their practice. This is why this 
Chapter addresses improving science teacher education programs by 
inspecting basic concepts. The concept in question here is the concept of 
scientific teaching, and the argument is that it must be attended to 
thoroughly. 

Two basic ideas are central to the argunent that follows. The first 
7S the notion that "scientific thinking" is a myth that says " Scienti fic 
thinking is the most powerful of all types of thinking available in the 
disciplines of knowledge. It is the way in which scientists do their work, 
and it is all there is to the intellectual work of science," The second is 
the view of professionalism that says "There is no professionalism without 
critical reflection, and critical reflection in science education demands a 
knowledgeable appraisal of the area's research, tejtts, and beliefs," 

The chapter begins with three separate arguments, each supporting a 
Particular claimr 

1, Science does not have exclusive rights to "scientific thinking," 

2, "Scientific thinkinq," as usually portrayed, bears little 
relationship to how we actually think, 

3- "Scientific thinking" is promoted in "methods" texts and in the 
science education research literature* 

The final section of the chapter returns to the opening theme of 
critical reflection^ and makes the case for giving full attention to 
conceptual analysis in science teacher preparation programs- 
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ARGUnEt^T OUE: THE f}UEST10rJ OF EXCLUSIVE RIGHTS 



The point of ArgunGnt Ono is to show that it is a mistake to think 
that what connonly passes as "scTentific thinkinq" 1s the exclusive 
property of science. To be clear on this, it helps to begin by recording 
what "scientific thinking" ts taken to nean» using pteces from the science 
education literature. Here» for example, is an item from the Psychological 
Corporation's Processes of Science Test (F^iological Sciences Curriculum 
Study, 1962): 

Several sinHar rosebufis were selected for an experiment, HaU the 
buds were Placed in a liter of tap water; the other half were placed 
in a liter of similar tap wflter in v^hich aspirin had been dissolved. 
The most general hypothesis the experiment v^as designed to test was 
that the aspi rin 



1, will purify tap water, 

2, has an effect on rosebuds . 



3, inproves the appearance of rosebuds, 

4. has the sarie effect on water as do rosebuds. 



I contend that this Uem 1s not measuring anything that is especially 
scientific; instead, it is asking a question not unlike soi^ie of the items 
in the Uatson-Glaser Test of Critical Thinking , That is. It is measuring 
something about the respondent s ability to handle logic and cjeneral 
al qori thns. 

This is equally apparent in the follo^jing^ which appear among a list 
of fallacies allegedly rcl^^vant to the study of inquiry in biology: 

Assuming that events that follow others are caused by them. 

Drawing conclusions on the basis of nonrepresentati ve instances. 

Drawing conclus'ons on the hasis of very small and fortuitous 
differences (Dieyfus A Jung.jirth, 1980^ pp, 310-311), 

On the other side of the coin, I^oss and flaynes (1983) introduce their 
test of experimental problem solving by acknowledging that the skills are 
not unique to science, although they suggest that the seven skills 
represent what successful scientists do, (1 yearn to find out what 
unsuccessful ones do,) And, Arons* (19S3) portrayal of scientific literacy 
includes being "aware of very close analogies between certain modes of 
thought 1n natural sciences and in other disciplines" (p, 93)- Despite 
these few counterinstances, the literature of science education seems to 
have gathered up "scientific thinking" as if it were the exclusive property 
of science anrt so of science education. 
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In some respects^ this is not surprising. After all^ it was the 
natural philosophers of three centuries ago who successfully overthrew 
Aristotelian philosophy and its categories of theoretical sciences 
(physics^ mathenaticSj and metaphysics)^ practical sciences (ethics and 
politics), and productive sciences (the arts, carpentry^ medicine, 
agriculture, etc). For example, early in the seventeenth century^ Bacon 
proposed new methods and_ new categories in rJovun Organon , But an 
explanation built from the history of philosophy is weak. The seemingly 
crystal -clear logic in Mill 's Philosophy of Scientific Method cannot 
explain our enchantnent with "scientific thinking" because, as Nagel (1950) 
reninds us in introducinq the text, "the development of the statistical 
view of nature during the second half of the nineteenth century cast doubt 
on his version of what constitutes the ideal of scientific investigatior\'* 
(p. xlvi). All thiSj of course^ is aside from the development of Kantian 
thought up to the current "received view" of the philosophy of science^ 
which recognizes our role in constructing reality. 

Possibly^ we have been misled by language. The following reminds me 
of this form of seduction: 

The triads that correspond in French to our English "natural sciences^ 
social sciences^ and humanities" are lei sciences naturelUs , les 
sciences soci ales , et les sci ences humai nes ; and in GermanT die 
ljaturwissenschaften > die Sozia IwissenschaUen , und die 
Geisteswissenschaften^ ^(HcCloskey , 1984, p, j7) 

The French scienc e and the German wissenschaft connote disciplined 
study. In English, as McCloskey points out, it means this and much more: 
experimental work, quanti f icationj etc., all of which suggest that science 
is very different from^ say^ history^ or the explication of text, which is 
literary criticism. The English language appears to deny that such 
scholarly pursuits involve disciplined study. 

How we got to the point of believing that "scientific thinking" 
belongs in science education is far less important than facing the 
arrogance of this view. 



ARGUMENT TWO: TME QUESTION OF \m HE THINK 



I an not going to describe how we think; but I am going to argue that 
whatever "scientific thinking" is, i_t doesn't describe how we think either. 
I do not want to touch the question of how scientists think, because I 
believe that the literature in philosophy of science has shown adequately 
that "scientific thinking" is not a plausible candidate. Instead, 1 want 
to find out what "scientific thinking" might be. The journey to the answer 
is short. 
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Sonewhat buried in the Uterattire is a fine paper by Oaniols (197S), 
"What is the Language of the Practical?" In this, the author attempts to 
uncover the ways in which psychological processes (as in "the co9nitive 
process approach") are flifferent from physical processes, I ^iee this work 
as relevant hecause nuch of the language of "scientific thinVinq" 
corresponds to cognitive process langu<-ige< Daniels argues: 

Our talk about mental processes has a logic very different froiti the 
logic of Our talk about physical processes. Physical processes can be 
observed and identified Independently of any product they JTiay have; 
mental processes can be "identified on }y via their products. At least 
in principle, a physical process, such as baking or synapse-firing can 
be identified as^ a process independently of what it prodi^ces- Of 
course, in some cases, it is extremely difficult, even physically 
impossible, to observe an ongoing process, liut with mental processes 
we are not faced with difficulty or physical ii^ipossi bi 1 i ty ; we are 
faced with something none like logical inpossibi li ty , This is true, 
at least, of mental processes in people other than ourselves, 
(p, 349} 

As Daniels explains, we identify psychological processes by their 
products- So, when an inference appears^ we suppose that something has 
been happening nentally. Then comes the av/kward part. Because it is 
important for us to talk about these Processes, we have to secure thein in 
language by naming them- But they are not ostensible, "Shot/ing and 
telli ng" v-ron 't work , So we i nvoke a rather elaborate £os_t facto system 
and name the process after the word that describes the product. In this 
way, the process yielding an inference is "inferring," that yielding a 
comparison is "conparing," that giving a definition is "defining," and that 
resulting in an hypothesis is "hypothesizing," This language trick is 
enoTf^ously deceptive- I think we have been misled into thinking that 
because we can name these processes* they exist; aniJ^ we have come to think 
of them as existing as separate, identifiable processes that are thus 
capable of being isolated and developed by teaching. 

What we have to recognize is that psychological processes and their 
counterparts in "scientific thinking" have meaning only because we can talk 
about them. This is precisely what Dewey was driving at when he wrote 
beneath "Logical Forms not Used in Actual Thinking, But to Set Forth 
Results of Thinki ng"; 

In short, these forms apply not to reaching conclusions* not to 
arriving at beliefs and knowledge, hut to the nost effective way 
in which to set forth what has already been concluded* so as to 
convince others (or oneself if one wishes to call to mind its 
grounds) of the soundness of the result. In the thinking by which a 
conclusion is actually reached, observations are made that turn out 
to be aside from the point; false clues are followed; fruitless 
suggestions are entertained; superfluous moves are made. 
(Archambault, 1964, p< Z45) 
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ThG irtpact of Arf^unent Two is as foHows: Mthouoh vjt^ may attenipt to 
focus instruction upon "scientific thinking/' we cdn never in principle 
know that wc arc having any impact at all on the devolopnent of the 
psychological processes we believe should occur. This vjill always be true» 
even thoifgh wg nay use instruments to measure the Products of this 
thinking. This is hecause the notion of "scientific thinking" cannot be 
known to bear any relationship to how we think. 



Argunent Three is not a very substantial one, hut it is inportant to 
show that "scientific thinking" is not a straw man, developed out of 
nothinn in order to serve as this author's tartlet, Uhat is provided below 
snows that the notion of "scientific thinking" lives in the literature of 
science education and its research endeavors, (There is no attempt to 
cover the territory completely or to sanple it scientifically,) 

The "Test of Experimental Problem Solving," developed by Ross and 
Maynes (1983), is closely related to "scientific thinking" and is a recent 
arrival on the scene* Interestingly, it appears in the same issue of the 
Journal of Research in Science Teaching as a paper by Finley (1983) that 
shows the conceptual relationship of "science processes" to empiricism, and 
then argues that logical enpiricisn represents a fundamentally inadequate 
account of the nature of sciencel The "Test of Enquiry Skills'* has been 
developed by Fraser (1980), Tobin and Capie (1982) have developed a group 
test of integrated science processes, A large number of earlier devices 
exist, as Hayer^s (1974) review attests* Not only are the tests of these 
various versions of "scientific thinking" available, the research 
literature itself reports many examples of their use* Indeed, the area has 
now reached the point where its many studies have heen subjected to 
meta-analysis (Steinkamp flaehr, 1933), 

Clearly, the idea of "scientific thinking" is alive and well, but it is not 
without its detractors* Kyle (1980) contends: 

The time has come for science educators to limit the use of the term 
"scientific inquiry" to that which constitutes scientific inquiry from 
the scientist's point of view. By placing proper constraints on what 
constitutes scientific inquiry, the many other descriptors of science 
education will be able to reflect more accurately what is really 
happening in the science classroom and laboratory, (p* 126) 

"Scientific thinking" is promoted in sone so-called methods texts for 
beginning science teachers. For example, Trowbridge, Bybee and Sund (1931) 
present a very orthodox empiricist view in a section that distinguishes 
between discovery and inquiry strategies (p, 168), even though an earlier 
chapter atteEnpts to give equal consideration to "deductive," "inductive," 



ARGUMENT THREE: 



SCIEniiFIC THPJKIUG" TltRIVES 
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and "conjecture and refutation" models of the nature of science, Simp,>on 
and Anderson (19S1) open their text with an account of scientific literacy 
that, among other things, involves the use of "the proct^sses of science in 
solving problems, making decisions" and Includes understanding the nature 
of science (p. 6). Similarly, Collette and Chi^petta (1984) present a 
clear account of "scientific thinking" in their first chapter. Here, six 
clear steps are presented, v-/ith the caution that "research scientists do 
not necessarily follov; this step by step procedure nor do they follov/ any 
absolute number of steps to solve problems" (p, 3)- 

There follows an accoi^nt of science that leaves this reader v/ith the 
thought that scholars in other disciplines do not generate hypotheses, nor 
test hypotheses against data. This chapter's sumnary is also misleading: 

Science is also ^ way of thinking- Approaches to obtaining 
information have changed greatly through the centuriGS» fron the 
tight logic and deductive procedures to empiricism and inductive 
procedures, and from the search for nature's laws in the past 
century to the search for statistical probabilities in this 
century (p- 23)- 

(The terns "statistics" and "probability" do not appear in the text's 
index or table of contents,) Later still, the reader is informed that 
observi ng , classi fyi ng, i nferri ng, predi cti ng, hypothesi zi ng , and 
interpreting are ar^tong the thirteen "thinking processes that are associateri 
with science" (p, 71)- These few examples show that the idea of 
"scientific thinking" is present in methods texts and even emerges in 
rather confused ways. 



COIJCEPTUAL AfmLVSlS AND CRITICAL REFLECTION 



T have argued that the notion of "scientific thinking" and what it 
subsumes is problerviaticaK That is, it is net straightforvjardly the case 
that "scientific thinking" is central to science and to science education, 
nor that the concept speaks adequately to how a scientist or anyone else 
thinks. These are the grounds for finding that the concept of "scientific 
thinking" is oroblematical , and because the co' cept is used in science 
education, it is a Problematical educational concept too. 

The realization that an educational concept is problematical has 
important consequences for teacher preparation. If the intent of 
professional preparation is to equip students with the Tvieans to be able to 
act with thoughtful autonomy, then it has to follow that programs must 
present the problems of the field and not pass these over. If the problems 
are not addressed, the opportunity for students to be autonomous is 
necessarily truncated. As Ha-zkins (1983) observed of teaching in a 
different setting, the danger is that "they might uncritically accept the 
errors that adults so often uncritically impose" (p* 73), 
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Professional autonomy is linked to a critical refl9ction upon 
professional practice. And, for pre-service scfence teachers to begin to 
reflect critically, they must learn to interpret all that they read, see, 
and hear, both in college courses and in pract ice*teachi ng experiences. 
This is true of the currf culum materials such students read and use, just 
as it is true of the research that they encounter. 

It is one thing to use research results in teacher education proqrams^ 
it is quite another to make it possible for pre-service teachers to learn 
how to make critical assessments of that research. Vet, if pre-service 
education is to meet the goal of fostering autonony, then its f]raduates 
must be able to reflect critically upon research that they might encounter 
during their professional years. Such reflection requires a ninimal 
understanding of research techniques, but that is not all. Critical 
reflection also involves raising questions about the conceptual basis of 
the research, and this suggests that teacher education programs need to 
include opportunities for pre-service candidates to consider the results of 
alternative research, especially research that is critical of standard and 
fundamental conceptualizations. 

Conceptual analysis, as used in Argument One and in other places (for 
example, ftunby fi Russell, 1983) is a powerful technique for revealing the 
assumptions underlying the central concepts of an area. This chapter 
illustrates the dangers of an uncritical acceptance of the meaning of 
^'scientific thinking,'* and proposes that conceptual analysis is a 
significant part of any curriculum that intends to develop the critical 
reflection of science teachers. 
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